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PREFACE

COMDTPUB P16794.B, is a substantial revision of the A issue, COMDTPUB

P16794.35A, although much of the material is similar. This "B" Revision
is designed to accomplish three things: include tow-planning Worksheets for
20 and 25ft Auxiliary Facilities, rewrite Chapter 3 to make it easier for home-
o follow, and make the text compatible with, most recent
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The course will be of most interest to :members of the Auxiliary whose
operational activity is off-sho re, either Ocean or:the Great Lakes. Relatively
little of the Text is devoted to the operational activity that takes place on
navigable river waters, and none is devoted to. Auxiliary activity on inland
lakes, other than the Great Lakes. e
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This AUXSAR cour hed.
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classroom atmosphers )
includes instruction aid verh sad transparencies—that
illustrate the text material. igh wrge may  be: self-taught most
students benefit from interacting with other students and with the instructor.

The material in Chapter 1 ‘is_entirely descriptive, andcan‘be taught in the
first session even if-the student’s copies of the Text are handéd out at that
session. After that, however, the student ghoiild read the assigned homework
chapter and answer as many as possible of the REVIEW QUESTIONS at the end
of the assigned chapter. It is unreasonable to expect the instructor to "teach"

a student who has not read the material; the role of the instructor is to



"explain", especially the parts the students have difficulty with. Remember the
scientist’s mantra: Chance favors the prepared mind.

In studying the text there are places where several pages of explanation refer
to a single Figure, and the Figure cannot be put on a facing page. The text
is designed to be inserted into a loose-leaf notebook. If it is, remove the
referenced Figure and lay it where it can be referred to as the explanation
is studied. (Don’t forget to replace the Figure page!)

There are places in the REVIEW QUESTIONS where a Form is needed. Appendix
A contains photo-reproducible copies of every Form required, and it is a good
idea to make a few copies of each Form and file them in the back of the book.
Copies of the Forms are required for the Examination, and are not included
in the Examination Packet; they are the responsibility of the Student.

Appendix A has Tow Planning Worksheets that can be specialized for a
particular Facility. If the Student has an Auxiliary Vessel Facility, select the
appropriate Worksheet and make a master Tow Planning Worksheet. It
represents a little work but is well worthwhile and makes an excellent
Saturday project for several students to get together and each create a
unique Tow Planning Worksheet specialized for the facility usually used in
operations. These same comments apply to the Leeway Correction Table in
Chapter 4.

Appendix A also has a Practical Demonstration Worklist. This Worklist must be
completed satisfactorily before the Student is allowed to take the Final
Examination. There is no National requirement that the completed Worklist be
submitted to the DIRAUX office, but some Districts may require it, so the
Worklist is set up to record the Instructor’s Signature.

FINALLY, use a highlighter as you study; pencil in the answers to the REVIEW
QUESTIONS on the blank lines; and when you check the answers note the
page number where you found the answer. Highlighting reinforces learning-
by-reading, and when you check your answers in class (the Instructor Guide
has the answers) you can see where you went off-if you did.
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CHAPTER 1. SAR SYSTEM, ORGANIZATION, & RESOURCES.
Introduction.

1. Definition. Search and Rescue (SAR) is the use of
available resources to help persons and property in poten-
tial or actual distress. It is the explicit policy of the
United States, as expressed in Federal Statutes, to pro-
vide assistance to persons and property in distress.

2. National Policy.

a. The National Search and Rescue Plan formalizes the
policy of the United States Government SAR activities;
it states the responsibilities of participating agen-
cies as defined by statutes, executive orders and
international agreements. The National Search and
Rescue Plan is a four-page document signed by heads of
the Departments of Transportation, Defense, Commerce,
Interior, Federal Communications Commission, National
Aeronautics and Space Administration, and Federal
Emergency Management Agency. The Interagency Committee
on Search and Rescue (ICSAR), is responsible for coor-
dinating the activities specified in the Plan.

b. The National Search and Rescue Plan identifies the
departmental responsibilities for domestic SAR. It
interprets the provisions of several conventions of
the International Civil Aviation Organization (TCAO)
and the International Maritime Organization (IMO).
These conventions require establishment of a national
civil system with internationally recognized aeronau-
tical and marine SAR coordination responsibilities. No
single U.S. organization has sufficient SAR resources
to provide complete SAR services. Therefore the
National Search and Rescue Plan specifies that Rescue
Coordination Centers (RCCs) may use "all available”
resources to respond to cases.

3. SAR Manual. ICSAR publishes the National Search and
Rescue Manual (NSM) in two volumes: VOLUME T-NATIONAL
SEARCH AND RESCUE SYSTEM, and VOLUME IT-PLANNING HANDBOOK.
The Manual incorporates the results of accumulated experi-
ence, research and development, and advances in search
theory. The two volumes serve both as a training and
operational toel for civil SAR operations, and as a refer-
ence library of technical data related to planning search
operations.



4. Coast Guard Addendum.

a. The National Search and Rescue Manual covers the
complete spectrum of potential SAR activities, yet
does not cover the detailed structure of SAR activity
for each responsible agency. Each Agency prepares its
own Addendum to the National Search and Rescue Manual.
The Coast Guard Addendum, COMDTINST M16130.2B, (also
called by the acronym CGADDNSM) establishes policy,
guidelines and general information for Coast Guard use
in search and rescue operations. The Coast Guard uses
the Manual with the Addendum to organize, plan and
execute SAR operations.

b. The Coast Guard Addendum has seven Chapters:

Chapter 1 - SAR Coordination and Case Documenta-
tion

Chapter 2 - Search Planning

Chapter 3 - Maritime Assistance Policy, General

Salvage Policy, and Firefighting ac-
tivities Policy

Chapter 4 - Descriptions and Operating Guidelines
of Coast Guard Search Rescue Units
(SRUs)

Chapter 5 - Coast Guard SRU Operations

Chapter 6 - Procedures for Underwater Incidents

Chapter 7 - Emergency Medical Service

There are 14 Appendices that cover selected sub-
Jects in detail. Among them are "SAR Checksheets
(proposed)" that are comparable to the "Work-
sheets" contained in this text. The Worksheets are
copies of SAR School forms; although they differ
in layout, the information content is the same as
the proposed Checksheets in Appendix G of the
CGADDNSM.

5. Digstrict SAR Plan. Each District Commander issues a
District SAR Plan that interprets the National Manual and
the Coast Guard Addendum as they apply in the District.
The District SAR Plan serves as the basis for the way the
Auxiliary works with the Coast Guard in SAR activities.

6. Purpose. What is the purpose of the hierarchy of
documents described above? It is National Policy to help
persons and property in potential or actual distress; each
agency Addendum specifies the resocurces that the agency
can use. The documents also standardize SAR organization
and terminology so that different agencies speak the same
language. Voluntary agencies-such as state and county
agencies—then understand how they may fit into the big
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picture. Although all of the documents are required refer-
ence material, it is the Coast Guard Addendum that estab-
lishes the one Coast Guard policy.

SAR Stages. SAR activity divides into five stages. It is
well for the student to keep these five stages in mind
while studying the rest of this text. Everything in the
text relates to one or more of these stages.

1. AWARENESS: the knowledge by any person or agency that
an emergency may exist.

2. INITIAL ACTION: the preliminary action taken to gather
amplifying information. This stage may include evalua-
tion and classification of the information, alerting
of SAR facilities, Preliminary Communication checks
{PRECOM), and Extended Communication checks (EXCOM).
In urgent cases, the system skips this stage and takes
immediate action.

3. PLANNING: the development of operational plans, ie,
plans for search, rescue, and final delivery.

4, OPERATIONS: (a) the dispatch of Search/Rescue Units
{SRUs), (b) conducting searches, {(c¢) rescuing survi-
vors, (d) assisting distressed craft, (e) providing
emergency care for survivors, and (f) delivering casu-
alties to medical facilities.

5. MISSION CONCLUSION: the return of SRUs to a location
where they are finally debriefed, refueled, replen-
ished, remanned, and prepared for other missions; and
the completion of documentation of the SAR mission by
all SAR facilities.

Coast Guard SAR Organization.

1. National Organization. The National Plan assigns re-
sponsibility for the Maritime Area to the Coast Guard
which divides the Maritime area into two sub-areas
viz., Atlantic and Pacific. The Commander of each Area
is the SAR Coordinator {(SC) for that Area. Using the
Area Command Center (CC), the Area Commander functions
as SC for SAR cases within the U.S. maritime area for
cases that go over two or more District boundaries, or
where the nature of the incident or resources require
the Area to be SMC. Also, the Area Commander can "take
it" as a senior command prerogative.

2. Area Organization. The Area Commands in turn, design-
ate each District Commander as SAR Coordinator for the
region defined by the District land boundaries and the
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Figure 1-1 Typical District Organization

adjacent maritime areas. The Region SC-—the District
Commander—prepares a SAR Plan as part of the Standing
Operating Procedure (SOP) for the District. The term
"SAR Coordinator" describes the duties of the Command-
er, District xxxx, U.S. Coast Guard.
Throughout the rest of this Text the term "SC"
means only the Commander, District xxxx, who is
the Region SC.

SAR Coordinator Responsibility:

a. Identify all Search/Rescue Units (SRU) and other
SAR resources within the region; establish close liai-
son and agreements with other Services, agencies, and
organizations having SAR potential; cooperate and
coordinate with SAR authorities of other nations.

b. Prepare and distribute a current comprehensive Dis-
trict SAR Plan.

c. Establish a Rescue Coordination Center (RCC) to
coordinate SAR resources within the area-of-responsi-
bility (AOR) and ensure that operations conform with



the National SAR Manual, Coast Guard Addendum, and the
District SAR Plan.

d. Conduct SAR, designate the SAR Mission Coordinator
(SMC) and dispatch SRUs until assistance is no longer
necessary, or rescue has been completed. Report re-
sults to the Coast Guard as specified in the Coast
Guard Addendum to the NSM.

e. Suspend SAR cases when there is no longer a reason-
able chance of success.

f. Train and indoctrinate RCC personnel in correct and
current SAR procedures and techniques.

D. District SAR Resources and Facilities.

1.

Resources available for SAR response include all re-
sources that are permanently part of the Coast Guard,
and resources from other Agencies that may be useful
during a SAR mission. SAR Coordinators organize the
resources to provide the most effective response.

SMCs normally select resources from those listed in
the District SAR plan, but may request other resources
during a SAR mission. A SRU is any craft, vehicle, or
team that can operate independently. The use of any
SRU depends on SMC judgment. Is the unit able to reach
the distress scene? Does it have the necessary SAR
capabilities, eg, endurance, training, and experience?

Aircraft. Aircraft SRUs can search large areas, and
are very effective in locating distressed vessels. The
pilot of the SRU is the final judge of SRU capability
during a mission.

a. Helicopters, because of their slow speed and hover-
ing ability, are effective aircraft SRUs. SAR heli-
copters have a hoisting device for rescue and delivery
operations. The helicopters presently used by the
Coast Guard include the HH-60 and the HH-65.

b. Land-based fixed-wing aircraft are excellent search
platforms, and can direct surface craft to the scene
once the target is found. Coast Guard fixed-wing air-
craft include the HC-130 and the HU-25. The HC-130 is
a four-engine turboprop long-range plane with space
and facilities for performing as On Scene Commander
(OSC); the HU-25 is a twin-engine executive-size jet.
Both aircraft can drop rescue equipment and supplies
to targets.



c. Most aircraft SRUs are prohibited from flying in
thunderstorms, severe turbulence, and severe icing.

Vessels. Coast Guard vessels are "boats" when they are
less than 65’ in length. Boats are usually most effec-
tive when combined with aircraft SRUs for coordinated
air/surface search. The long endurance of vessels
allows assignment when responding to nearby incidents
where search is not a major factor. Marine SRUs are
also used to escort or tow disabled surface craft, and
to deliver supplies, equipment, and personnel to the
distress scene. The SRU commander is the final judge
of SRU capability, and has the final authority to
accept or reject instructions from the SMC.

a. The 30-ft Surf Rescue Boats (SRB), the 41-ft Util-
ity Boats (UTB) and the 44- and 52-ft motor lifeboats
(MLB) are designed for short-range SAR operations. SAR
boats 30 to 65 feet in length operate in sheltered
waters, or for a limited distance offshore in moderate
sea and weather conditions.

b. Prototypes of the new 47-ft MLB are now in the
field. This boat is fast and very seaworthy in heavy
seas.

¢. Multi-mission Patrol boats (WPB), 82 to 110 feet in
length operate offshore, conduct visual and electronic
searches, and have an endurance of up to 10 days.

d. Medium-endurance cutters (WMEC) have helicopter
flight decks and support facilities; their sustained
operational capability, especially when paired with a
helicopter, makes these cutters ideal SRUs.

e. High-endurance cutters (WHEC) are 378 feet long and
can sustain search operations at sea for up to 30
days. All have flight facilities to support helicop-
ters at sea.

f. The Coast Guard Auxiliary—-according to the National
SAR Manual-is "a volunteer civilian organization form-
ed to assist the Coast Guard in preventive and direct
SAR activities. Its members are small-boat, yacht,
aircraft, or amateur radio station owners, or persons
with special qualifications in the field of boating
safety or SAR". The Auxiliary provides several thou-
sand privately-owned SRUs throughout the country. In
some locations Auxiliary Boats are the only SAR
facilities available. CGAUX personnel also supplement
Coast Guard Group Offices and Air Stations during
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heavy SAR operations. The Auxiliary Communications Net
supplements the established coastal radio net.

g. Marine craft are usually reliable platforms for
towing or delivering resources such as dewatering
pumps, fire-fighting equipment, damage control sup-
plies and medical personnel. SAR Boats are ideal for
recovery of persons in sheltered and semi-sheltered
waters., 41-ft boats can operate up to 30 miles off-
shore; 44- and 47-ft boats can operate up to 50 miles
offshore. Boat rescue equipment is usually limited to
heaving lines, life rings, life jackets, litters, boat
hooks, boarding ladders, dewatering pumps, and fire-
fighting apparatus.

Surface Facilities. The Coast Guard maintains a wide
variety of SAR resources throughout the United States
and its territories. Coast Guard facilities include an
extensive communications network of coastal radio
stations, specialized land-line circuits, and communi-
cations centers, all guided by RCCs.

a. Stations are along the coastlines of the United
States, on the shores of the Great Lakes, and on some
major river systems. Usually they have boats, a radio,
four-wheel-drive vehicles, land line communications
with the operational commander, ie. the Group Office,
and when appropriate, amphibious vehicles. When sta-
tions obtain early information of life and property in
danger they take immediate action. The District SAR
Plan is quite specific about the conditions that must
exist for a Station to assume the role of SMC. The
object of the rules is to have each incident handled
at the lowest command level that can prosecute the
case successfully.

b. Group commands are an operational level, designed
to coordinate between the District Rescue Coordination
Center (RCC) and Stations. They have Stations and
Patrol Boats (WPBs) under their command.

c. Rescue Coordination Center. The RCC Reports di-
rectly to the senior Staff Officer in charge of SAR,
the Chief of Search and Rescue (osr). The Coast Guard
District or Area office is the physical location of
the SAR Coordinator for that location. RCC usually
handles SAR cases that involve several Groups or cases
that require resources from outside the District or
borrowed from non-CG agencies. The RCC assumes SMC for
these cases and normally retains SMC until the case is
suspended or closed. The RCC may act as SMC for sev-
eral SAR missions simultaneously. In addition, RCC
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oversees other ongoing cases throughout their AOR even
when they are not SMC. Supplemental RCC personnel
provide a continuous live watch, and relieve the
SMC(s) of time-consuming tasks. (See § F this Chapter
for detailed information on the RCC.)

d. The Coast Guard employs Computer-Aided Search Plan-
ning (CASP) at District RCCs. CASP is a computer pro-
gram used by search planners to identify probable
search areas and plan resource allocation. Currently
{1994), CASP is available only at the District level;
in the future it will be available to Groups and Sta-
tions.

E. District SAR Plan.

1.

Contents. The District SAR Plan is the primary docu-
ment that SAR personnel use for training and opera-
tions. It identifies the specific parts of the Na-
tional Search and Rescue Manual and Coast Guard Adden-
dum required in District SAR operations. The Plan
identifies the command authority, specifies the dist-
rict’s Area of Responsibility (AOR), authorizes the
RCC to "function for the Commander,” specifies the
duties of the SAR units, specifies how requests for
SAR units not under the SMC’s Operational Command
(OPCON) are handled, specifies SAR units eligible to
be 0SC, and specifies the authorization procedure for
dispatching units from cooperating agencies. This list
is not complete but is adequate to illustrate the
detail embodied in the Plan.

Resource Status sections of the Plan define Alfa,
Bravo and Charlie status, specify resource status
requirements at Stations and Groups, and specify re-
porting requirements.

Fatigue is a critical factor in executing SAR opera-
tions safely. The Plan includes Operating Standards
for all types of SRUs and identifies the normal fa-
tigue limits for different sea conditions. This makes
the SMC responsible for following these standards and
not allowing an aggressive skipper Jjeopardize the
vessel or crew.

Heavy Weather is defined; in District 11 it is any
condition when the numerical sum of the Wind Speed +
Wave Height exceeds the number 30. Boats—except spe-
cific self-bailing and self-righting surf boats-are
not used under these conditions. (Note that in Chapter

-

5 the top wind speed in the towing tables is 25kts. At
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this wind speed the wave height is over 5ft, so this
is a reasonable upper limit for conditions under which
an Auxiliary vessel should operate}).

F. Rescue Coordination Center.

1. Organization. RCCs-there are 14x Coast Guard RCCs-are
at the Command Center of the District or Area Offices,
and the Duty Officer on watch acts for the Dis-
trict/Area Commander. When the SMC is at Station or
Group level, RCC monitors the incident and receives
routine Situation Reports (SITREPs). The Command Cen-
ter Duty Officer has the responsibility of prioritis-
ing use of resources between conflicting requirements,
eg, Law Enforcement (LE), SAR, and Marine Environmen-
tal Protection (MEP).

2. Operations Center (OPCEN) at the Group level is an
internal Coast Guard designation. Group OPCENs—there
are 44 of them-perform many of the SAR duties, but are
not designated as RCCs. The OPCEN is responsible for
its AOR which is within the search and rescue region
{SRR)} of the RCC. The OPCEN has primary search plan-
ning and coordination responsibilities for the search
and rescue units {(SRUs) located within the Group.

3. Communication capability is a prime requirement for
effective SAR. The primary comms of the RCC are via
phone (including INMARSAT) or hard copy message. RCC
does not have the capability of talking on the radio
to SAR units, but can use a phone patch through the
Group radio if direct comms are needed. RCC can
control\assume SMC of a SAR case at any time, but that
doesn’t mean RCC would usually be in direct comms with
anvone. Communications are normally handled at the
Group level via one of the (Communications Area Master
Stations, or via telex/INMARSAT with the distressed
vessel. Communication facilities also include tele-
phone lines (emergency numbers listed in the front of
telephone books go directly to the RCC or the local
SAR Station) and multichannel recorders with timing
channels. Each District has its own High Frequency
(HF) channels for Command and Control. All Districts
use the public distress and Coast Guard VHF-FM Chan-
nels to receive calls and to control operations.

xCoast Guard RC(Cs are at the following commands: LANTAREA,
CcCcGbl, c€cGbz, CCGDb5, CCcGbh7, CCGD8, CCGDY9, CCGD11, CCGD13, and
CCGD17. PACAREA has no assigned SRR and therefore no RCC.
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Plotting Equipment is extensive and is designed to use
overlays on back-illuminated tables so that a complete
record of a SAR operation can be maintained. RCCs are
now equipped with GDOC (Geographic Display Operations
Computer) which can display computer-generated charts
overlaid with search patterns. This reduces the work
of planning extensive searches, and the computer
"logs" all of the planning steps.

Files and Records are an important part of a RCC. The
SMC has access to historical files on current pat-
terns, wrecks, stolen craft, etc.

SARSAT.

a. Search And Rescue Satellite-Aided Tracking is an
international system for alerting the SAR System of a
Distress. The devices on vessels (or aircraft) are
Emergency Locating Transmitters (ELT) or Emergency
Position Indicating Radio Beacons (EPIRB). The most
modern version of EPIRB is one that operates on 406MHz
and in a way that almost eliminates useless searches.
The National Oceanographic and Atmospheric Administra-
tion (NOAA) operates the ground stations of SARSAT and
maintains files of make, model, serial number, and
owner’s name and address. The RCC can usually correct
for an accidental triggering by a telephone call. (See
Appendix B for a complete description of the 406 MHz
system) .

Suspend Search, or ACTUS, authority is not delegated
to the RCC duty officer but must be authorized by the
SAR Coordinator or the District Branch Chief of Search
and Rescue(osr).

G. Documentation.

1.

Case Record. Each incident is documented for subse-
quent review and evaluation. The Record contains cop-
ijes of all of the communication exchanges, action
taken, SITREPS, briefings, contacts with family of
persons involved, etc.

Minor SAR. The Case Record is simplified for cases
that qualify as Minor SAR. In some Districts the Minor
SAR cases are summarized in one paragraph in a daily
Group message report. To qualify as Minor SAR (after
the fact) the case must meet all of the following
requirements:



a.

Actual Severity evaluated as 0 or 1. Actual Sever-

ity is an on-scene evaluation of the degree of danger
that existed. The degrees of severity are:

0 ~ None: no foreseeable threat to life and/or
property.
1 - Slight: no threat to life and/or property

upon arrival on scene. However, without action the
situation may have resulted in a threat to life or
property.

2 - Moderate: a threat to life and/or property
existed. It is reasonable to assume that personnel
and/or property will be seriously injured, dam-
aged, or lost if action is not taken.

3 - Severe: personnel and/or property was physi-
cally rescued/recovered from imminent danger, or
was lost.

b. Time on case less than 4 hours.

C.

d.

Case involved only 1 resource.

Case involved unit smaller than 82’ WPB.



REVIEW QUESTIONS

1. Define SAR.

2. What is the policy of the United States with regard to
SAR?

3. 1In what document is the national policy on SAR expressed?

4. Name some of the Agencies involved in SAR.

5. What is the lead agency for the National Search and Rescue
Manual?

6. What are the purposes of the Coast Guard Addendum to the
National SAR Manual?

7. If the Coast Guard Z2is the lead agency for the publication
of the National SAR Manual why does there have to be a
Coast Guard Addendum?

8. What does a District SAR Plan accomplish?

9. Name the SAR stages.

10. What is the lowest level in the Coast Guard that prepares
a SAR Plan?

11. What office holds the title "SAR Coordinator" as used in

the text?




12. What are the principal responsibilities of the SC?

13. What Resources other than Coast Guard resources are avail-
able to the SC?

14. What document defines the conditions that must exist for a
Coast Guard Station to assume the role of SMC?

15. Name some of the things in the District SAR Plan that are
not in the National SAR Manual or Coast Guard Addendum.

16. How does the District SAR Plan address crew fatigue?

17. Define Heavy Weather.

18. What boats are restricted when Heavy Weather exists?

19. Where is the Rescue Coordination Center located?

20. Who is in charge of the RCC?

21. Describe the principal facilities at the RCC.




22. What type of SAR incident does not require a separate Case
Record?

23. How does a SAR incident qualify as Minor SAR?

24. Describe the four degrees of severity of a case.

25. Describe the SARSAT system.

26. Who has the authority to suspend a search?




CHAPTER 2. AWARENESS AND INITIAL ACTION

Awareness Stage. The first receipt of information by the SAR
system of an actual or potential SAR incident initiates the
Awareness Stage. Persons or craft in distress may report a
problem, nearby persons may observe an incident, or an uncer-
tainty may exist due to failure to communicate or to arrive
at a destination. The receiving and recording of information
do not delay other SAR response. The SAR System maintains
communication with the person or craft reporting an emer-
gency, and they are kept advised of action being taken.

1. Type of Incident. When the Coast Guard is first made
aware of an incident it immediately collects all crucial
information about the incident. All levels of the Coast
Guard use an Incident Sheet as a check list of required
data. There is an Incident Sheet for each possible type
of incident; so the first step is to determine what type
of incident has occurred. The Incident Sheets, which are
district specific, are color coded for ease in identi-
fying the nature of the distress.

a. Surface Vessel

b. Aircraft

c. Overdue Vessel

d. Medico/Medevac

e. Miscellaneous

f. Dive Accident

g. EPIRB/ELT

h. Earthquake/Natural Disaster

i. Inland Medevac

The Type of incident when the Auxiliary is possibly the
first contact with the distressed vessel is Surface
Vessel. Although the Auxiliary prosecutes other types of
incidents, it is very unlikely to be the first Coast

Guard resource to be notified.

2. Surface Vessel Incident Sheet. Figure 2-1 is an Incident
Sheet used in the 11th District; similar forms are used
in other Districts. Each Auxiliary unit should be aware
of the information detail that the Coast Guard expects in
incident data. Most of the abbreviations on the Surface
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Vessel Incident Sheet are self explanatory, but some need
special mention as they differ from older forms. The
first line records the Informant’s telephone number (or
radio channel) if the Informant is other than the person
in distress. Line 5 records the location and type of the
cabin to help a search unit recognize the target. The
form is also a convenient place to record the results of
an Urgent Marine Information Broadcast (UMIB), or a
Marine Assistance Radio Broadcast (MARB) if either is
issued.

SAR Mission Coordinator (SMC) assignment is, initially,
automatic in the Coast Guard. The Coast Guard element re-
ceiving information that there may be a distress becomes
(effectively) the SMC, but the assignment may change quickly
depending on the type and location of the incident.

1. The RCC can assume the SMC role at any time, but the SMC
is usually at Group level and operates out of the Group
OPCEN. SMC is at Group or higher whenever formal Planning
is required. Groups routinely are SMC when local, state
and other federal agencies supply resources; usually
there are agreements in place for resource supply.

2. The SMC must be at a Shore-based Facility. Normally
cutters act as 0OSC, but the SC could designate a cutter
SMC of a case. Usually the SMC is at the Group level.

3. In many areas of the country, particularly inland, where
the only Coast Guard presence is the Auxiliary, the SMC
is at Group and command/control is district specific. In
these cases, especially non-emergency assists, the Auxil-
iary SRU is pretty much on its own and receives little
direction from the SMC. A shore-based Auxiliary Radio may
act as a relay to the SMC, or contact may be by cellular
telephone.

Initial Action Stage is the period in which the SAR system
begins response, and follows immediately after an element of
the system is made aware of the emergency. Unless the inci-
dent is clearly a hoax or false alarm, or occurs outside its
jurisdiction, the very first step is to determine the degree
of severity of the incident, and classify it’s phase as
Uncertainty, Alert, or Distress.

1. Non-Distress, also called Non-Emergency, cases are ones
in which the craft or person is experiencing some diffi-
culty but is not in imminent danger or in need of immedi-
ate response. Non-Distress is not, strictly speaking, a
phase. However, it is substantially like a phase in that
it is handled in a unique way. The principle concern is
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to not use Coast Guard resources if other adequate non-CG
resources are available, but to monitor the progress of
assistance, and to take charge if the incident appears
likely to degenerate into a Distress. If there is any
doubt that the situation can be handled safely as a non-
emergency, the Coast Guard assumes the worst and moves
the incident out of the Non-Distress category. Non-Dis-
tress is usually reported by the vessel requesting assis-
tance, ie, is not an overdue or unreported.

Figure 2-2 {(on the facing page) is the Decision Matrix
that is followed when the Coast Guard is called for
assistance. The diagram is fairly complicgted but is
especially useful in understanding the Coast Guard’s
policy on non-emergency assists. Cases discovered by the
Auxiliary are particularly sensitive sections of the
Coast Guard Assistance policy. It intends that the Auxil-
iarists, not the SMC, will make the judgement as to
whether he/she can safely assist. The specific policy-as
stated in CGADDNSM is:

When an Auxiliary vessel on routine safety patrol or
otherwise on orders discovers a vessel requesting
assistance, but not in radio contact with the Coast
Guard, it should relay the request for assistance to
the Coast Guard operational commander and may under-
take to provide assistance, if capable. If a tow 1is
undertaken, the Auxiliary vessel is required to
notify the operational commander of the identity of
the vessel, the location of the vessel, and the
destination to which the vessel is being towed. No
Auxiliary vessel may undertake the tow of another
vessel unless the Auxiliarist is reasonably assured
of the safety of both vessels and the persons on
board. If the Auxiliary vessel cannot safely tow a
disabled vessel which 1iIs standing into danger, it may
endeavor to remove the persons from the threatened
vessel and stand by until a more capable resource
arrives on scene.

A standard MARB broadcast text is illustrated in Table
2-1. The call is initiated on Channel 16 with an "ALL
STATIONS" call to "SWITCH AND LISTEN ON CHANNEL 22 ALPHA
FOR A MARINE ASSISTANCE REQUEST BROADCAST". After an
appropriate preamble, the text outlined in the Table is
broadcast.

Uncertainty Phase exists when there is knowledge of a
situation that may need to be monitored, or to have more
information gathered, but that does not require moving
resources. When there is doubt about the safety of a
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THIS IS COAST GUARD GROUP XXXX RELAYING A MARINE ASSISTANCE
REQUEST BROADCAST FOR PLEASURE CRAFT (Name) (Radio Call
Sign). PLEASURE CRAFT (Name) IS A (description) DISABLED
DUE TO (problem) IN THE VICINITY OF (location). ANY VESSEL
DESIRING TO ASSIST THE (Name) IS INVITED TO PROCEED TO THAT
LOCATION OR CONTACT HIM BY RADIO. PLEASURE CRAFT (Name) IS
STANDING BY CHANNEL (Channel number). IF YOU ARE OFFERING
TO ASSIST THE (Name), PLEASE RESPOND AND PROVIDE AN ESTIMAT-
ED TIME OF ARRIVAL.

Table 2-1 MARB Text

craft or person, or they are overdue, the situation is
investigated and information gathered; a preliminary
communications search (PRECOM) begins in this phase.
Vessels that are overdue or unreported are generally
placed in this phase when the Coast Guard is initially
notified. As part of the PRECOM, the SMC issues simple
radio callouts to encourage local boaters who may have

knowledge of the craft or person to pass the information

to the Coast Guard.

3. Alert Phase exists when a craft or person has difficulty
and may need assistance, but is not in imminent danger or
need immediate assistance. Apprehension is usually asso-
ciated with the Alert Phase. For over-dues, Alert occurs

when there is continued lack of information concerning
progress or position. The SMC begins an extended com-

munications search (EXCOM), may dispatch SRUs to inves-

tigate high-probability locations or to overfly the
craft’s intended route, and issues a standard Urgent
Marine Information Broadcast (UMIB).

4. Distress Phase exists when a craft or person is threat-
ened by grave or Imminent danger requiring immediate re-

sponse to the distress scene. For overdues, distress
exists when communications searches and other forms of

investigation have not succeeded, and search planning and

execution are needed.

Incident Phase Determination. Historical statistics, col-

lected by the Coast Guard and incorporated into the NSM, are
the basis of guidelines for incident evaluation. Many of the
possible types are of no applicable interest to Auxiliarists
and are noted only briefly and without the qualifying condi-

tions used to determine the degree of urgency.



1 .

A Marine-Vessel Incident is considered probable or actual
when:

a. a condition such as fire, sinking, or collision is
reported; the incident is immediately put into the Dis-
tress phase.

b. an electronic distress signal is transmitted, or a
visual or audio distress signal is used; the incident is
put into the Distress phase.

c. a vessel is overdue, is unreported, or misses a posi-
tion report; the incident is placed in the Uncertainty
phase. The incident is upgraded to Alert, and SRUs are
dispatched, only after a careful evaluation is made of
the estimated length of the voyage, fuel and food endur-
ance, type of craft, operator experience and habits, and
weather and sea conditions.

An Aircraft Incident is considered probable or actual
when:

a. an aircraft requests assistance or transmits a dis-
tress signal.

b. aircraft ditching, crash, or forced landing is actual
or imminent. (If the site is in near-shore waters the
Auxiliary may be called to help rescue efforts or to
patrol the scene for spectator control).

c. the crew is about to abandon, or has abandoned the
aircraft.

d. unlawful aircraft interference is known or believed.

e. the aircraft is overdue. (The amount by which the
aircraft is overdue to be declared an emergency depends
on the particular circumstances the details of which are
not germane to this Text).

If Communications have been established with a distressed
craft, it is always assumed they may be quickly lost.
Next to degree of urgency, position is the most important
element in the data required to prosecute the incident.
After all of the information outlined on the Incident
Sheet is obtained, and if the communication link contin-
ues to be effective, the most important data is con-
firmed, particularly position information.

a. Many pleasure craft that travel near-shore carry LORAN
receivers with built-in coordinate converters. Such craft
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almost always report their position as the Lat/Long shown
on their LORAN receivers. But if the craft is near shore,
within about one mile, the Lat/Long information is likely
to be in serious error. Near shore, TD information should
be used instead of Lat/Long. The TD lines on charts are
corrected for the land/sea interface distortion that
occurs to LORAN signals. Receiver coordinate converters
do not correct for this distortion.

b. Positions given in relation to uncharted or locally-
named landmarks are suspect. Not only are landmarks with
names such as "Bird Rock" common to many areas, the same
name may be used for different objects in the same area.

c. When bearings and ranges are reported the position
should be confirmed by asking for other known information
about the area.

d. Soundings may be used to cross check between reported
and charted position reports.

e. On-scene weather may help resolve position information
conflicts if the weather conditions in the area are
highly localized.

Flare Incidents. Now that Federal law requires flares on
all vessels, flare sightings are routinely responded to.
Red and orange flares and pyrotechnics are recognized as
marine and aviation emergency signals and they are treat-
ed as a distress unless available information indicates
otherwise. Unresolved (insufficient information to either
close or suspend) red or orange flares require first-
light searches. Continued searches and follow-up searches
of other than red or orange flares depend on the specif-
ics of the case.

EPIRB Incidents. Distress beacons are one of the most
important tools available to SAR authorities. But their
reliability is substantially less than 100%. Table 2-2
shows the response policy to different types of beacon
alerts. The designation "GEO" means geostationary earth
orbit; the designation "LEO" means low earth orbit. The
GEO alert does not give position information but the LEO
alert does. See Appendix B for a complete description of
the COSPAS-SARSAT system.

Urgency of Response. The nature of the incident and the rate

the situation may deteriorate determine the urgency of re-
sponse. The chances of survival diminish with time and the
seriousness of the incident, so these two aspects are evalu-
ated as quickly as possible. Signaling equipment available to
gsurvivors greatly influences the degree of urgency and type
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* 406.025 MHz GEO registered alert

* 406.025 MHz LEO “A~ solution alert

l ¢ 406.025 MHz LEO registered, unlocated
alert

T, A
BEACON ALERT EMERGENCY PHASE
e 121.5/243 MHz Second Composite alert | Initially evaluate as Distress

* 121.5/243 MHz First report of audible
alert

e 121.5/243 MHz First Composite alert

e *406.025 MHz LEO “B” solution alert
with probabilitics >20%

Initially evaluate as Alert. Investigate,
reevaluate anxd respond as facts and
circumstances warrant.

o 121.5/243 MHz first alert
* %406.025 MHz LLEO “B” solution alert
with probabilities <20%

Initially evaluate as Uncertainty.
Investigate, recvaluate and respond as facts
and circumstances warrant.

* All “B” solutions should be coordinated with the “A” solution cognizant RCC in
evaluating and/or responding to alert/distress candidate “B” solutions. Always check
vessel type/description and homeport/registration POC data against alert position. This

practice can help flag correct “B” solutions.

Table 2-2 Beacon Responses

of SAR response most suitable to the circumstances, viz.,
there is no point in searching at night unless the survivors
are known to have night signalling equipment.

1.

It is assumed that all Survivors are incapacitated, are
capable of surviving only a short time, are under great
stress, are experiencing shock, and require medical care.
Normally able-~bodied, logical-thinking persons may be
unable to accomplish simple tasks or to assist in their
own rescue. Some may be calm and rational, some hysteri-
cal, and others temporarily stunned and bewildered. This
last group will be passive and easily led during the
first 24 hours after the incident. As shock wears off,
most regain active attitudes. Those who remain passive
die unless quickly rescued. This behavior, commonly known
as "disaster syndrome" is characterized by an attitude of
"I am not here and this is not happening to me".

The probability of the Target Remaining within the Search
Area decreases with time. For survivors adrift, the
search area expands dramatically with time.

Environmental Factors-including daylight hours remain-
ing=-may severely limit available rescue time. Exposure to
the cold air, wind, or water, results in hypothermia, the
abnormal lowering of internal body temperature. Hypo-
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thermia is a problem in any incident in ocean waters;
Figure 2-3 shows life expectancy for a person immersed
without an exposure suit. (An exposure suit extends sur-
vival).

4. Weather influences the probability of detection and the
ability of the SRUs to operate safely. Predicted change
in the weather is a major factor in accelerating or
delaying SAR response to an incident.

Communications Searches. Particularly for overdues and unre-
ported, facts are needed to help determine if there really is
a problem. Communication searches include efforts to contact
the craft, to determine whether the craft is overdue or
simply unreported, to define the search area, and to obtain
more information for determining subsequent SAR action. Any
case that requires a Communications Search is handled by a
SMC at RCC. The two types of communication searches are the
Preliminary Communication search (PRECOM) and the Extended
Communication search (EXCOM). The PRECOM is conducted during
the Uncertainty phase of the case, and this search usually
locates a vessel that is simply Unreported. The EXCOM is con-
ducted during the Alert phase of the case and consists of
contacting all possible sources of information on the vessel.
It may include actually conducting Harbor Checks based on
specific information. PRECOM search contacts major facilities

12
10 |-
DEATH FROM
HYPOTHERMIA
HIGHLY PROBABLE OOOLERS

HOURS «

4
2 DEATH FROM
HYPOTHERMIA
HIGHLY IMPROBABLE
! i ] |
o 10 15 20 25

WATER TEMPERATURE (CELCIUS)

Figure 2-3 Water Chill Response
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G.

where the craft might be or might have been. The contacts
include:

1. All dedicated SAR facilities in the area.
2. Bridge and lock tenders.
3. Local harbor patrols, harbor masters and dockmasters.

4, Marinas, yacht clubs, supply facilities, fuel docks,
repair yards.

5. Commercial towing concerns.

6. Local police, pilot boats, customs and immigration au-
thorities.

7. Relatives, friends, boating buddies, baby sitters, and
anyone who might have knowledge about the habits of the
persons involved in the incident.

8. If the missing craft is known to have a radio aboard,
marine operators are asked to check their logs for infor-
mation and are asked to attempt a contact.

9. EXCOM search, normally conducted after the PRECOM, con-
tacts all possible sources of information on the missing
craft. It includes asking organizations or persons to
physically check harbors, marinas, or ramps. EXCOM con-
tinues until either the target is located or the search
is suspended.

Medico/Medevac situations present unusual Initial Action

problems. (Medico is defined as medical advice given to a
vessel 1in distress; Medevac i1s defined as evacuation of
person{s) in distress.) In many cases a vessel with an ill or

injured crewman will request that the crewman be evacuated by
the Coast Guard. Often the vessel is in a position to proceed
to a nearby port in approximately the same time it would take
to complete an evacuation by Coast Guard vessel or aircraft.
Unless the particular Coast Guard unit is transporting compe-
tent medical personnel to the vessel, nothing is gained by
dispatching a Coast Guard unit. In order to assure that each
case is handled properly, several precautions are taken:

1. RCC will normally be SMC for all Medico/Medevac cases.

2. Medical authorities are consulted for a recommendation;
the primary sources are Coast Guard or DOD Flight Sur-
geons, Coast Guard or DOD general medical officers, and
Civilian physicians.




In all cases, when the SMC has directed a Medevac, the
Aircraft Commander makes the final decision to conduct or
abandon a hoist, based on flight safety.

Heart Attack patients have additional factors to be
considered. A majority of deaths due to heart attacks
occur during the first few minutes. Therefore, only a
small number of cases are improved by immediate evacua-
tion. In some cases the condition may be aggravated
during the hoist or transfer to a boat. The medical
officer working the case is selected as someone who is
aware of the hazards present to the patient and SRU crew
involved in an evacuation.

Carbon Monoxide Poisoning is a common occurrence on boats
with gasoline engines. The symptoms are very much like a
heart attack and, especially for older persons, are often
mistaken as a heart attack. It usually occurs when the
boat is travelling down-wind at about the wind speed, but
can occur any time the wind is light and the boat is
travelling slowly. The obvious corrective action is to
change heading and open everything up.

|
|
|
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REVIEW QUESTIONS

1. What initiates the Awareness stage?

2. What is the very first action taken when the SAR system is
made aware of a distress?

3. In what type of incident is the Auxiliary most likely to
become involved?

4. What does the acronym UMIB stand for?

5. What does the acronym MARB stand for?

6. What is the purpose of a UMIB, and when is one issued?

7. What is the purpose of a MARB, and when is one issued?

8. How is the SMC assignment made?

9. Who has the authority to change a SMC assignment?

10. When can a cutter be the base for a SMC?

11. After the SAR system has determined the kind of incident what

is the next determination that must be made?




12. How many "official" Phases are there, and what are they?

13. What circumstance is very much like a Phase but is not con-
sidered one?

14. What words best describe the Uncertainty, Alert and Distress
phases?

15. An Overdue or Unreported is usually placed into which phase?

16. What is the most important job of the SMC when a case is in
the Uncertainty phase?

17. Would a SMC order a MARB on a case in the Uncertainty phase,
and why?

18. Would a SMC order a UMIB on a case classified as Non-Dis-
tress, and why?

19. Name some of the situations that put a marine incident imme-
diately into the Distress phase.

20. If communications exists with the Distress what information

is verified after the Incident Sheet is completed, and why?




21. What are some of the factors that determine the Urgency of
Response?

22. In what phase would a PRECOM usually be conducted?

23. In what phase would a EXCOM usually be conducted?

24. What are the primary purposes of PRECOM and EXCOM activity?

25. Define Medico.

26. Define Medevac.

27. Name the most important elements of the Incident Data and

their order of importance.
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CHAPTER 3. SEARCH AREA PLANNING

Introduction. When an incident has progressed to the point
where it is classified as a DISTRESS, and the exact location
of the Distress is either not known, or a significant amount
of time has passed since the search object’s exact position
was last know, Search Planning is necessary. The first step
is to define the Search Area, the area that has a high proba-
bility of containing the Search Object. Search Planning in-
volves a number of factors each of which influences the final
plan.

1. Distregsed Vessel. The physical characteristics of the
Distressed Vegsel affect the way the vessel responds to
the environment, and how easily it can be seen by a SRU.
This information is determined during the Awareness and
Initial Action phases of the case, and is transcribed as
Incident Information to each of the planning forms used.
If there is substantial uncertainty about the physical
characterigtics, for example does the life raft have a
canopy, or, has the vessel capsized, it may be necessary
to assume "best” and "worst" physical characteristics and
plan for both.

2. Search Parameters. The Coast Guard has established a
"decision tree" to aid the SMC determine the Search Area.
Figure 3-1 shows how the planning is done as a function
of the case parameters. The final result is a Search Area
where the Distressed Vessel is most likely to be.

3. Asset Allocation. After the SMC has determined the Search
Area, SRU(s) are assigned to perform the search opera-
tion. What SRU(s) are available, their search capabili-
ties, and the amount of time available for searching all
have an effect on the Search Plan.

4., Search Effectiveness. The task of the SMC is to plan the
search so that the Probability of Success (POS) is maxi-
mized. The POS is the product of the probability of
detection (POD) multiplied by the probability that the
search object is in the search area (POA). Search-plan-
ning documents in this text do not calculate the POS but
do calculate POD. Historically, POD has been used as a
measure of search effectiveness because there is no
reasonable way to calculate POA manually. The 1995 revi-
sion to the Coast Guard Addendum incorporates techniques
for calculating POS, based on new CASP programs which are
able to calculate POA hours-or days-after an incident.




FIRST SEARCH

. Open Ocsan |, 3 LOGATION

Figure 3-1 Search Area Decision Tree
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10.

Auxiliary Operations. This Chapter gives special emphasis to cases involving Enclosed or Coastal
Waters with a drift time <6 hours. These are the circumstances for essentially all of Auxiliary
involvement in searches. The historical success rate for searches with these parametric limitations is
very high and it is rare that the first search is unsuccessful and a second more complicated search plan
becomes necessary. In addition, since the search area is near shore, assets can reach the scene quickly
and allocation is not generally a problem.

Definitions. The following are the terms that are used in Search Planning; many may be cryptic but
they will be made more understandable in the examples.

. Course. The intended direction of travel of a craft, expressed in degrees True.

Datum. The most probable location of the search object, corrected for movement over time.

. Open Ocean. Ocean waters where the depth is >300 feet and the distance offshore is >25NM.

Last Known Position (LKP). The last witnessed, reported, or computed DR position of the search
object.

Surface Position (SP). The position where marine drift begins; this term is used when aerospace
(parachute) drift is also a consideration.

. Vector. The representation of a quantity that has a direction, for example speed and direction, or

distance and direction.

Total Water Current (TWC). The vector sum of the currents in the vicinity of the distress.

. Situational Search Area. This term is used when something exists that modifies thé area determined

simply by the Radius, for example a land mass. This happens very often in Enclosed or Coastal a
Waters.

Tidal Current (TC). The component of TWC represented by Tides. This component appears only
near-shore in tidal basins.

River Current. The current in a river or the component of TWC represented by the discharge from a
river.
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11.

12.

13.

14.

15.

Wind Current (WC). The component of TWC represented by the surface current that results from the
wind; it is calculated only in Open Ocean cases.

Sea Current (SC). The component of TWC stemming from the large-scale flow of ocean waters.

Leeway (LW). Movement of the search object under the influence of local wind. Downwind Leeway
is assumed to be directly downwind; Leeway Uncertainty assumes the search object’s leeway diverges
from downwind; the amount of divergence depends on the physical characteristics of the search
object and ranges from +15° to +60°.

Drift. The movement of a search object caused by external forces; the movement may be a rate
(knots), or a displacement (nautical miles). Drifi is the vector sum of TWC and LW.

Radius. The radius of a circle that has an optimum probability of containing the search object.

. Search Area Decision Tree. The decision tree, Figure 3-1, shows the way the Search Area is

determined. By the time Search Area planning is required, the SMC has all of the information that
determines the “path” to be followed down the decision tree. The only path of special interest to
Auxiliarists is the one on the far right side of the diagram, the path through the unshaded boxes. It is
the one that is covered in detail in the remainder of this Chapter.

First Search. Enclosed or Coastal Waters, Total Drift Time <6 hours. This “path” indicates that under
these circumstances the LKP is known, then Total Water Current computed, Leeway is computed as
Downwind, Datum determined (by vector addition of TWC and Leeway), and a 6NM radius drawn
around Datum to establish the Search Area.

Other Paths should be understood, but are rarely of interest to Auxiliarists. For example, if the case

qualifies as Enclosed or Coastal Waters but is not the First Search, the “path” leads directly to the
middle two paths, one for a point LKP and one for a Line/Area LKP. If a First Search is not
successful, a much more elaborate algorithm must be used to determine the Search Area.

. First Search, Open Ocean will usually follow one of the middle two “paths” since it is unlikely that the

Total Drift Time will be < 4 hours.



Coastal and Oceanic SAR Models. The major differences between
the First Search Coastal path and other paths are how Leeway
(LW) is applied and how the Search Radius is determined.

1. In the First Search Coastal Model, LW is assumed to be in
the downwind direction. By design, no divergence is as-
sumed. LW may be figured with two different rates if
there are two different possible descriptions for the
search object-for example a raft with or without a
drogue-but for both assumptions the leeway is considered
directly downwind. In point of fact leeway almost always
diverges from directly downwind; if the drift time is <6
hours the divergence is not likely to be as big as other
inaccuracies in estimating Datum, and is ignored.

2. In the Open Ocean Model with drift time >4 hours, LW for
a point (or points) LKP is calculated using divergence,
ie, downwind *+ a divergence angle determined by the type
of target. When divergence is used there are always at
least two Datums. Note: the Open Ocean Model is being
substantially modified by the use of the CASP program
that calculates POA.

3. The Coastal Model Search Radius is a standard six miles
centered on Datum. It is independent of inaccuracies of
calculated drift and navigation, but the gsix mile radius
was selected based on typical drift and navigation er-
rors.

4. The Oceanic Model Search Radius has a complicated depen-
dence on several drift variables, navigation accuracy,
and distances between possible Datums. This text does not
attempt to explain the calculations; the whole process is
being switched to CASP and manual calculation is no
longer relevant, besides which the Auxiliary never en-
counters the circumstances where the Oceanic Model Search
Radius has to be determined.

Vectors. As noted in §B, a Vector is a representation of
something that has an amount and a direction. Many parameters
used in search planning are vectors, for example, wind speed
and direction, drift distance and direction, course speed and
direction, distance travelled and direction. The parameters

dealt with that are not vectors (in mathematics called scalar

quantities) are those that have no implied direction, eg,
Mass, Time, Position. Very often it is necessary to determine
the net effect of two forces both of which are vectors, and
that determination requires vector arithmetic. Two, or more,
vectors can be added, or subtracted, either analytically or
graphically. The manual solution used in the search planning
illustrations in this text use the graphical method of han-
dling vectors. It is imperative that the student understand
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the vector examples in this Chapter, and be able to do the
vector problems at the end of this Chapter. It is impossible
to do the search planning problems without a thorough under-
standing of vector addition and subtraction. Appendix C is a
tutorial on Vector Arithmetic. This text does not explain the
analytical method of performing vector arithmetic, however
such a method may be used if the student understands it on
his own initiative. The analytical method is more accurate
than the manual method but the accuracy of the quantities
being manipulated is only rarely sufficient to warrant using
the analytical method.

Search Area. All of the paths in the Search Area Decision
Tree get to a Datum (or Datums) about which the Search Area
is defined. In all of the paths there are two general types
of forces that cause a search object-that is not anchored or
aground-to move from the LKP: water currents and wind acting
on the exposed surface of the search object. There are sever-
al different-and usually independent-types of water current
that are estimated or calculated and combined into a single
vector called Total Water Current (TWC). TWC, expressed as a
rate, viz., knots, multiplied by the Time Interval between
the LKP and the Datum, is a displacement vector expressed as
Nautical Miles and Direction. This vector quantity is inde-
pendent of the characteristics of the search object. Thus the
TWC is the same whether the search object is a Person-in-the-
Water (PIW), a raft, or a disabled vessel. The second type of
force 1s wind acting on the exposed surface of the search
object; this force causes Leeway (LW). It is independent of
the Current and is totally dependent on the amount of wind
and the characteristics of the search object.

Currents. There are a number of possible types of water cur-
rent; they are not of equal importance to Auxiliarists,

1. Lake. The volume of water entering and exiting a lake is
the major determinant of lake current. In the Great Lakes
this information is published monthly by the Army Corps
of Engineers.

2. Alongshore. The transport of water from swells striking
the coast generate alongshore currents. In many parts of
the coast these currents are persistent, and are docu-
mented in local references. They are rarely significant
more than a mile offshore.

3. Tidal. In the tidal influence area, mostly within three
miles of the shore line and within bays and sounds (where
80% of search cases occur), Tidal Current is the biggest
contributor to TWC. Where tidal currents are restricted
by land masses the currents are usually reversing; fur-
ther offshore the currents are usually rotary. Reversing
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Tidal Current (TC) is studied in detail later in this
chapter.

4, Sea. Established Sea Currents such as the Gulf Stream and
Japan current are sizeable and very important in the
Oceanic Model.

5. River. Often tidal basins are fed by rivers with the
result that the ebb tidal current is greater than the
flood. Historic data is incorporated into the Tide Cur-
rent Tables but this has to be adjusted by local knowl-
edge of the volume of water the river is discharging. In
the inland area-where a significant portion of Auxiliary
SAR activity takes place~River Current may be the domi-
nant factor in drift.

6. Surf. Breaking surf generates a current alongshore and,
where it reverses, a rip tide. Although hazardous to
swimmers it is not generally considered in search plan-
ning.

7. Wind Driven. Wind generates waves and breaking waves
cause a transport of water, ie, a surface current. The
amount of the current depends on the wind speed and
fetch, and how long the wind has blown. The direction of
the current is determined by the direction of the wind
and by the offset from the Coriolis force. The algorithms
are applicable only in deep water, greater than 100
fathoms, and are therefore almost never used in coastal
search planning.

Note: There are a few places in coastal waters where
there is observational data on wind-driven currents.
These are listed in the Tidal Current Tables, and include
the ratio of wind speed to wind-driven current speed, and
the average deviation of current to the right or left of
wind direction for different wind directions. Where such
data exists it can be used in near-shore cases.

Reversing Tidal Current (TC). The calculation of this compo-
nent of Total Water Current (TWC) is simplified by using a
specialized planning form, Reversing Tides and Other Currents
Worksheet (see page A-3,4 in Appendix A). In order to under-
stand the calculation a fictitious problem is worked out
below, step-by-step. The finished product is shown in Figure
3-2,3 on pages 3-9,10, but the student is advised to take a
blank Reversing Tides and Other Current Worksheet and fill in
the data as the example is followed step-by-step. Copies of
all the required tables are included in this text, however
this text does not instruct on the general use of tide and
tidal current tables. (See AUXNAV Specialty Course). The
applicable pages from the TIDAL CURRENT TABLES of North
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America & AsiaNorth are reproduced here as pages 3-11, 3-12
and as Figure 3-6 on page 3-15.

The object of the calculation is to arrive at a Total Revers-
ing Current Vector, expressed as Nautical Miles and True
Direction, which can be plotted on a chart. This requires a
knowledge of the current direction and speed during the
interval between the Incident and Datum Time. TIDAL CURRENT
TABLES allow the determination of tidal current for every 20m
of the tide cycle. The Worksheet uses this feature of the
tables to determine the current speed in 20® time slices, and
then average the 20m values over the drift interval. The
Worksheet, if followed step-by-step, makes the calculation
relatively straightforward.

1. The Incident Summary in 8A of the Worksheet is filled in
from the data given in the SCENARIO. In the illustration,
there is no uncertainty about LKP so either the Maximum

LKP - "7-$77' 370 4740 N :~=f 122°'43'o w

'Incrdent ,*f SOIIIOZJULQZ “ __3<;;;3
Datum }n}f  30154OZJUL92 e :

Note Slnoe Tldal Current~(TC) is 1ndependent of charae— .
terlstlcs of search obJect, no search obJect 1s speclfled

or Minimum column is used. (It is customary to use the
Maximum column when there is only one LKP). The Drift

Interval on line 5 is the time difference between the

Date-Time-Group (DTG) of the LKP and the DTG of Datum,
expressed as hours and decimal fraction.

2. The TIDAL CURRENT TABLES and associated data are all in
Local Zone Time and the LKP and Datum DTGs are converted
to Zone Time and recorded in 8B Time Conversions. In this
illustration the Local time would probably be Daylight
Saving, ie, T(ango) Zone, but Current publications are
always in Standard Time; in this illustration the Stan-
dard Zone is U{(niform).

3. All of the data from the TIDAL CURRENT TABLES that is
applicable to the problem being analyzed is transcribed
to §C of the Worksheet. First, the Substation that is
nearest to the Lat/Long of the LKP is located. Substa-
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Case Title: MV Avrora

A. Incident Summary
1. Latitude
Longitude

Datum DTG
Drift Interval

AT R S

Surface Position DTG

Reversing Tides & Other Currents
(rev. 5/3191) ( WORKSHEET

MINIMUM MAXIM

Planner’s Name: . S\HALL Date: 30 Jul 12

UM

N/S 37 #47.0; N/ﬁ/
W /E /22 43,0 w/}{
z 3011 10 7 Jul9a

J0i5%0 2 Jul9z

HRS 4.5~  HRS

B. Time Conversions: GMT + Zone Description (Rev) = Zone Time
1. Surface Position DTG (Zone Time)
2. Datum DTG (Zone Time)

C. Reversing Tidal Currents - (Minimum) (Maximum) (Circle One)

306310V Jul92

Joo74oUJulq2.

1. REFERENCE STATION: _JSE Goldew Gote PAGE: _9___ DATE: _ Jodul
SUBSTATION: Pt. Lobes T 7NN WSW REFERENCE NUMBER: 14y
2. TIME DIFFERENCES
Minimum Minimum
Before Before
Flood__© HRS _-30 MIN Ebb__©0 HRS _ -39 MIN
Max Max
Flood__© HRS ~—30__MIN Ebb__ & HRS _-32 MIN
3. VELOCITY INFORMATION
SPEED AVERAGE P SPEED AVERAGE _
FLOOD: RATIO _ 9:/ DIRECTION _/38 T EBB: RATIO o/ DIRECTION _3/8" T
4. a) REFERENCE STATION b) SUBSTATION
TIME SPEED TIME SPEED(E/F?) TIME  SPEED TIME SPEED(E/F?)
0045~ SLACK 03579 5.8 & 0os$” SLACK 0329 I8 £
o749 SLACK 1051 4.1 F 271 SLACK EY 41 F
407 SLACK 1635 3.4 E /337 SLACK /605 36 E
1949 SLACK 2243 3.8 F 1979  SLACK 2213 38 F
SLACK SLACK
5. TIDAL CURRENT CHART
INCIDENT TIME: __ 03172 DATUM TIME: _07%2
INTERVAL: INTERVAL: INTERVAL:
 HRS___MIN FLOOD _HRS___MIN 3 HRS.O2MIN FLOOD /o2/
o740
o018
SLACK 07/9
INTERVAL: INTERVAL:
-3 HRS_/YMIN o310 _3 HRSS2 MIN
EBB 03219
Figure 3-2 Reversing Tidal Current Illustration p-1
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Reversing Tides & Other Currents
(rev. 5/3191) WORKSHEET

6. COMPUTING AVERAGE FACTOR OF CYCLE:

a) Time interval from slack water to incident:

2 HRS__SS  MIN (Same Half-Cycle)

Time interval from slack water to DATUM: O HRS__Z/ MIN (Same Half-Cycle)
b) FACTORS FOR THE FIDO'D/EBB CYCLE (1) b) FACTORS FOR THE FLOOD/E®B CYCLE (2)
1.0 1.0 0.7 0.1 0.2
1.0 1.0 0.6
0.9 0.5
0.9 0.4
0.8 0.3
¢) TOTAL VALUE OF FACTORS IN THIS CYCLE: 9.2 ¢) TOTAL VALUE OF FACTORS IN THIS CYCLE: O. A
Divided by: Total Number of Factors in Cycle: /3 Divided by: Total Number of Factors in Cycle: {
Equals: Average Factor for Cycle: _Q_z[_ Equals: Average Factor for Cycle: _ 0.2
7. COMPUTING THE AVERAGE CURRENT SPEED FOR THE CYCLE:
Maximum Current Speed for the Cycle: 0.5 ¢ KTs Maximum Current Speed for the Cycle: 0.4 7 KTS
Multiplied by the Average Factor EQUALS Multiplied by the Average Factor EQUALS
the Average Speed for the Cycle O. %4l XTS the Average Speed for the Cycle 0.1 K18
8. COMPUTING TIDAL CURRENT VECTOR FOR THE CYCLE: (1)}’/ E @2F /ﬂ
Time Duration of Drift through the Flood/Ebb Cycle: #, 15 HRS 35" HRS
Multiplied by the Average Current Speed: 0.41 KTS 0./ KTS
EQUALS: Magnitude of Current Vector for the Cycle: /+7 NM 0.0 NM

9. CALCULATING THE TOTAL TIDAL CURRENT VECTOR:
1st Current Vector: 3/ °T __ /.7 NM + 2nd Current Vector: /38" °T 0.0% NM

EQUALS: Total Reversing Tidal Current Vector 3/ °T___ 7 NM

Other Currents Worksheet

1. There are many other currents that may effect a search object. Some of these are: Lake,
Longshore, River, Surf, Rotary, etc. The form is self-explanatory.

2. Type of Current

Source of Information

SET
Drift
Vector

Direction from above and
Drift X Drift Interval

Figure 3-3

MINIMUM MAXIMUM
°T °T
KTS KTS
°T °T
NM NM

Reversing Tidal Current Illustration p-2
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San Francisco Bay Entrance (Golden Gate), Calif., 1992
F-Flood, Dir. 065° True

E-Ebb, Dir. 245° True

July August September
Slack Maximum Slack Maximum Slack Maximum Slack Maximum Stack Maximum Slack  Maximum
nom L &NOtS hom n m knots h m L knOtS h m h ™ «nots h m h m knots hom hom knots
1 0051 0416 6.0F 16 0129 0442 46E 1 0233 0534 S1E 16 0236 0530 37E 1 0111 3.7FH4 16 0039 2.9F
w 0810 1112 46F |, 7 0838 1138 36F o 0914 1213 43F o 0902 1157 31F j, = 0426 0653 3.0E}, = 0359 0629 26E
1439 1655 29E 1455 1712 25E 3 1524 1807 42E Y 1507 1755 35E 1015 1308 3.0F 0924 1234 2.4F
1959 2252 3.3F 2032 2313 2.6F 2137 2126 1607 1915 45E 1520 1849 4.E
2315 2229
2 0141 0503 S8E 17 0207 0518 4.4E 2 0029 3.7F 17 0016 2.7F 2 0210 3.2F 17 0128 28F
Th 0854 1155 4.6F £ 0909 1207 3.4F Su 0331 0623 44E M 0318 0609 3.3E W 0530 0746 23E Th 0454 0717 2.2E
1521 1741 31E 1526 1747 2.7E 0956 1255 39F 0928 1230 29F 1106 1359 25F 1001 1317 2.1F
2053 2347 3.3°F 2111 2354 25F 1605 1856 4.3E 1535 1836 3.6E 1656 2008 4.1E 1559 1936 4.0E
2236 2208 2326
3 0235 0552 54t 18 0246 0554 41E 3 0124 3.4F 18 0059 2.5F 3 0020 0322 2.8F 1 8 0223 2.6F
F 0938 1240 4.4F Sa 0938 1237 3.2F M 0433 0714 36E Tu 0404 0650 29E Th 0639 0842 1.7E F 0558 0810 1.8BE
1603 1832 3.3E 1557 1829 28¢E 1041 1343 34F 0955 1305 2.6F 1208 1457 2.1F 1050 1409 1.9F
2152 2154 1648 1944 42t 1605 1918 36E | Q 1753 2108 3.7E 1648 2031 39E
2341 2257
4 0039 3.1F 19 0039 2.3F 4 0231 3.0F 19 0147 23F 4 0130 0442 26F 19 0031 0331 2SF
Sa 0333 0641 48E Su 0329 0635 3.6E T 0541 0807 27E w 0453 0737 2A4E F 0750 0951 13E Sa 0707 0911 16E
1024 1327 4.0F 1007 1312 3.0F YU 1131 1432 209F 1027 1346 23F 1322 1606 1.8F 1158 1512 1.8F
1646 1921 3.5t 1628 1909 3.0E 1735 2041 40E 1641 2003 QJ6E 1857 2214 3S5E} Q) 1752 2331 JSE
2257 2242 2356
5 0140 29F 20 0124 2.1F 5 0050 0345 2.7F 20 0248 2.2F 5 0239 0555 26F 20 0140 0440 26F
Su 0437 0734 40E M 0417 0719 31E W 0655 0306 20E Th 0606 0830 1.9E Sa 0859 1134 1.2¢ Su 0815 1018 t.6E
1112 1415 3.6F 1036 1347 2.7F 1230 1529 24F 1109 1435 2.0F 1436 1724 17F 1326 1623 1.8F
1731 2016 3.6E 170t 1954 31E | 1829 2142 3IBE 1726 2100 3.6E 2004 2333 34E 1807 2236 4.0E
2338
6 0007 0249 26F { 54 0219 1.9F 6 0202 0510 26F | 94 0104 0351 2.1F 6 0341 0657 2.8F 21 0245 0550 29F
m 0550 0831 J9E 37 0515 0806 2.5E |y, 0813 1017 14E |7 0724 0830 1.5€ Su 0958 1307 1.5E} 2" 0914 1122 19E
1203 1507 3.1F 1109 1428 2.4F 1340 1637 2.1F 1206 1538 1.8f 1540 1838 19F 1446 1737 21F
Q 1819 2113 37E 1737 2043 3.2E 1929 2248 37E| () 1823 2201 3.7E 2108 2023 2339 4.1E
7 0119 0406 25F 22 0042 0319 18F 7 0311 0626 2.7F 22 0215 0508 2.3F 7 0041 3 5SE 22 0344 0647 33F
Tu 0709 0933 2.3E w 0626 0801 2.0E F 0928 1150 1.2E Sa 0841 1037 1.4E v 0434 0748 3.0F Tu 1004 1225 2.4E
1301 1604 27F 1151 1520 2.1F 1453 1748 2.0F 1327 1640 18F 1045 1352 18E 1553 184t 26F
1910 2216 38E | Q 1820 2137 33E 2031 1930 2303 39E 1634 1929 2.2F 2134
2204
8 0230 0531 26F 23 0150 0428 18F 8 0006 38E 23 0320 0622 2.7f 8 0130 3.6E 23 0044 44E
w 0830 1044 18E Th 0748 0958 1.6E Sa 0412 0729 3.0F Su 0947 1142 15E Tu 0519 0829 3.2F W 0436 0739 3.7F
1406 1705 2.5F 1245 1611 2.0F 1033 1336 Y4E 1453 1751 2.1F 1124 1424 22E 1048 1321 3.1E
2003 2322 4.0E 1911 2234 3.5E 1558 1854 2.1F 2040 1720 2020 2.5F 1650 18943 3.2F
2131 2255 2239
g 0335 0646 2.9F | 54 0255 0545 21tF | g 0113 39E |24 0006 4.3E 9 0211 37t |94 0139 4.5F
Th 0246 1205 15E F 0907 1104 14E Su 0505 0820 33F ™M 0418 0726 3.2F W 0558 0906 3.3F Th 0525 0B24 39F
1512 1812 23F 1357 1714 19F 1124 1423 16E 1043 1257 1.9E 1158 1442 25F 1129 1410 39E
2058 2008 2333 39E 1653 1950 2.3F 1603 1857 2.5F 1801 2055 2.8F 1742 2037 3.8F
2225 2146 2341 2339
0028 4.2E 0354 0656 26F 0202 41E 0107 47E 0247 3J3.8¢ 0233 4.5E
:0 0433 0748 3.2F gas 1016 1209 14E :AO 0551 0908 3.5F ?us 0509 0814 3J37F .?ho 0633 0933 3.3F 25 0610 0906 4.0F
1052 1332 15E 1513 1818 2.1F 1206 1500 19E 1129 1347 25t 1229 1509 29¢ 1207 1459 45E
1614 1913 2.4f 2106 1740 2037 25F 1701 1954 3.0F 1838 2130 3.0F 1832 2131 4.2F
2151 2313 2247
11 0126 4.4E 26 0034 4 4E 11 0239 43E 26 0201 SA1E 11 0025 0320 38E 26 0036 0324 43E
Sa 0525 0839 35F Su 0448 0755 3.2F Tu 0630 03943 36F w 0556 0858 4.t1F E 0704 0858 32F Sa 0654 0947 4.0F
1146 1436 1.7F 1113 1313 1.7E 1241 1521 22¢ 1211 1439 3.1E 1258 1538 33t 1245 1%43 S50E
1708 2004 2.5F 1618 1917 25F 1821 2115 27F 1754 2050 36F | (O 1914 2205 3aF @ 1921 2220 44F
2242 2204 2357 2345
0213 46F 0130 4 9E 0313 43E 0254 53t 0106 0352 3.7E 0132 0411 4.0
gz 0611 0924 37F %7 0536 0840 3.7F Jvz 0706 1012 3 6F ?h-, 0641 0940 4.4F ga2 0734 1024 3.1F g7 0736 1028 J38F
Y 1232 1511 1.8E 1203 1411 21¢ 1314 1542 25E 1250 1524 38E 1326 1613 36¢E Y 1324 1627 5.2¢€
1755 2047 26F 1715 2012 29°F 1900 2150 28F | @ 1845 2140 40F 1949 2240 3.2F 2010 2309 44F
2328 2259
13 0256 4.7E 28 0224 5.4E 13 0038 0345 43E 28 0041 0343 5.2E 13 0147 0428 3SE 28 0227 0457 36E
M 0652 1005 38F Tu 0622 0927 42F ™ 0739 1037 3.5F £ 0723 1019 4.4F Su 0801 1053 3.0F M 0818 1109 35F
1312 1540 20E 1247 1501 26E 1344 1612 28E 1327 1610 43E 1352 1646 3 SQE 1403 t712 5S2E
1838 2126 26F 1807 2101 33F | (O 1936 2224 29F 1936 2232 4.2F 2025 2315 3.2F 2101
2352
0010 0332 48E 0313 57E 0118 0418 4.3E 0136 0428 49E 0228 0507 3.2t 0003 4.2F
.:4 0730 1040 3.8F \?vg 0706 1008 4.5F 34 0808 1104 34F gag 0805 1059 43F 14 0827 1122 28F 129 0321 0544 3.{E
Y 1348 1609 21E 1327 1549 3.1E 1413 1643 3.1E 1405 1653 4.7E 1419 1725 41E Y 0903 1152 31F
O 1917 2204 2.7F @ 1858 2152 36F 2011 2300 29F 2026 2322 43F 2101 2356 3.1F 1445 1757 S.0E
—— 2153
15 0051 0407 4.7E 30 0045 0359 58E 15 0157 0453 4.0¢ 30 0231 0517 44E 15 0312 0548 29¢& 30 0053 3.8F
w 0805 1109 3.7F Th 0749 105t 47F s 0836 1131 33F s 0847 1141 4.0F T 0854 1157 27F w 0418 0633 25E
1422 1637 23E 1407 1635 3.6 3 1440 1718 3.3E VU 1443 1733 4.9E Y y447 1803 41E 0951 1239 2.6F
1954 2241 27F 1949 2243 3.8F 2048 2335 28F 2119 2142 1530 1848 4.6E
2250
31 0139 0447 5%! 31 0014 4.1F
F 0832 1131 46F m 0327 0603 38E
1445 1720 38E 0929 1223 3.6F
2041 2335 3.8F 1523 1826 4.BE
2214
Time meridian 120° W. 0000 is midnight. 1200 is noon

Figure 3-4
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TABLE 2 Current Differences
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tions are listed in TABLE 2, Current Differences & Other
Constants of the TIDAL CURRENT TABLES; the appropriate
page is reproduced as Figure 3-5 on page 3-12. Station No
141 has the nearest Lat/Long and is therefore the Substa-
tion chosen, its name and reference number are tran-
scribed to the second line of 8C.1 of the Worksheet.

Substations are grouped geographically and the ones in
Figure 3-5 are "on'" San Francisco Bay Ent. The Reference
Station name, and the page number with the appropriate
date, is transcribed to line C.1.

The principal information in TABLE 2 is the time differ-
ence of Slack, Flood, Slack, Ebb at the Substation com-
pared to the Reference Station. These Time Differences
are transcribed to §C.2. The Flood and Ebb Speed Ratios
are given in the SPEED RATIOS column of TABLE 2 and
Average Directions are given in the right hand column of
TABLE 2. The appropriate numbers are transcribed to 8C.3
Velocity Information.

The time of occurrence of the Slack, Ebb, Slack, Flood,
Slack, Ebb, Slack, Flood-the cardinal points of the tide
cycle at the Reference Station-is transcribed to §C.4.a).

Data for the Substation comparable to that for the Refer-
ence Station is developed in §C.4.b) by adding the appro-
priate Time Differences to the Reference Station times,
and multiplying the SPEED (E/F) at the Reference Station
by the SPEED RATIO in §C.3. In this particular illustra-
tion all of the time differences are -30m, so 30® is sub-
tracted from each of the Time values in the Reference
Station data to create the Substation Data. Ordinarily
the time differences are not the same so care must be
exercised in associating a time difference with the
appropriate phase of the current.

Most of the Substation data that has been transcribed is
transferred to the Tidal Current Chart which is an easier
way to visualize what is going on. The Incident Time and
the Datum Time are copied from 8B. The Incident occurred
at 0310 so the cardinal point in the current cycle that
occurred immediately before LKP Time was the Slack at
0015. The next cardinal point is the Ebb at 0329, then
the Slack at 0719, then the Flood at 1021. There is no
interest in any of the other cardinal points because they
occur either before the Incident or after Datum Time.
There are three important Intervals, the one between the
first Slack and Ebb-the Interval that contains the Inci-
dent-the one between the Ebb and next Slack, and the one
between the second Slack and Flood-the one that contains
the Datum. These Intervals are simply the difference
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10.

11.

12.

13.

between the cardinal-point times, ie, the difference
between 0329 and 0015 is 3h 14m, etc. The Chart is com-
pleted by adding tick marks to indicate time of the
Incident and the time of Datum.

The only complication in marking up the Chart is knowing
where to start. The Chart obviously does not cover the
complete period of time covered in the Substation data.
But it does cover at least 6 hours, and that is as long
as the Incident is considered as Coastal/First Search.
And 6 hours will never involve more than three quarter-
cycles of the current. The job is to pick the appropriate
quarter-cycle when the Incident Time and Datum Time
occur.

On the back side of the Worksheet the time between the
first SLACK and the Incident, and the time between the
last SLACK and the DATUM are calculated and recorded. The
Worksheet notes that these intervals are for the "Same
Half-Cycle"; this is to assure that Ebb and Flood factor
values are not mixed.

The sections labeled "FACTORS FOR THE FLOOD/EBB CYCLE
(1)" and "FACTORS FOR THE FLOOD/EBB CYCLE (2)" are com-
pleted using TABLE A, Figure 3-6, Speed of Current at any
Time. One section is used for FLOOD data and one section
for EBB data. TABLE A shows the current as a fraction of
the maximum current every 20m between SLACK and the DE-
SIRED TIME for several different values of INTERVALS
between SLACK and MAXIMUM CURRENT.

The first quarter-cycle to deal with is the one that
contains the Incident ie, the 3h 14m Interval between the
0015 SLACK and the 0329 EBB. The column in TABLE A near-
est to that time interval is labeled 3t 20®; the row
labeled 3k Q0m is the row nearest to the amount of time
between the 0015 SLACK and the INCIDENT. At the column
selected, the numbers are read down from the row select-
ed, and the numbers transcribed in the EBB Factors sec-
tion. Note that in 8C.6.b) the first column contains 1.0
and 1.0,

The second quarter cycle is fully experienced, and is
still an EBB current. The total Interval is 3t 50m so the
column headed 4" 00m is selected. All of the factors in
this column are copied from the bottom up except the
first one at 4b 00m; the first factor is not used because
it is for the value at maximum EBB and that has already
been entered in Step 12.



14.

15.

The third quarter-cycle is only partially experienced.
The Interval is 3k 2m go the 3® Q00m column is selected.
The 20m row is selected since the time between the 0719
SLACK and the DATUM is only 21=, and only one factor is
entered into the FLOOD Factors section ie, 0.2,

Each set of factor values is summed and divided by the
number of factors to get the average factor value for
each half-cycle. These two average factor values are
multiplied by the maximum current speed, one for EBB and
one for FLOOD, taking the speeds from the Substation
information on the first page of the Worksheet.

16. The numbers generated in Step 15 are Average EBB Speed
and Average FLOOD Speed. These numbers are multiplied by
the amount of time the object is in the EBB and FLOOD
currents and the results recorded in 8§C.8 of the Work-
sheet. In 8C.9 the two vector expressions are completed
by adding the Direction information copied from the
Substation data recorded on the first page of the Work-
sheet.

TABLE A
Interval between slack and maximum current
hm. hm. hhm. hm. hm. hm. hm. hm. hm. hm. hm. hm. hm. h.m.
120 140 200 220 240 300 320 340 400 420 440 500 520 540
h. m. f. f. f. f. f. f. f. f. f. f. f. f. f. f.
° 020 04 03 03 02 02 02 02 01 01 01 01 01 01 0.1
E 040 07 06 05 04 04 03 03 03 03 02 02 02 02 02
'§ 100 09 08 07 06 06 05 05 04 04 04 03 03 03 03
5 120 10 1.0 09 08 07 06 06 05 05 05 04 04 04 04
3 140 - 10 10 09 08 08 07 07 06 06 05 05 05 04
g 200 — - 10 10 09 09 08 08 07 07 06 06 06 05
x 220 - — -~ 10 10 09 09 08 08 07 07 07 06 06
3 240 - - — - 10 10 10 09 09 08 08 07 07 0.7
§ 300 - - - - - 10 10 10 09 09 08 08 08 0.7
2 320 - —— -— - - - 10 10 10 09 09 09 08 08
2 340 - e - - — - — 10 10 10 09 09 09 09
S 400 - = = = - = =~ — 10 10 10 10 09 09
b1 420 — - — - - — — —_ -~ 10 10 10 10 09
£ 440 - = = = = = = = =~ ~ 10 10 10 10
500 — — - —_— — — - - - - - 10. 1.0 1.0
520 - - = - - = = -4 - - = — 10 10
5 40 - e = e e e e e e e -~ — 10

Figure 3-6 Speed of Current at any Time
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17. The two vectors must be added as vectors; that is simple
in this example as the directions are exactly 180° apart.
The smaller number can be subtracted from the larger, to
determine the quantity of the resulting vector, and the
direction of the larger taken for the resulting vector.
This is recorded on the last line of 8C.9 and then used
for TWC on the Datum Worksheet.

18. There is one important check that can be made to deter-
mine if the correct number of factors has been consid-
ered. Each factor is for a 20m interval, so there should

be as many factors as there are 20m intervals between the
Incident and Datum. In this example there are 13 EBB fac-
tors and 1 FLOOD factor, for a total of 14. The total
drift time is 4b 30m, or 270m; this divided by 20m is
13.5, which agrees with the number of factors considered.

Tutorial on use of Table A. Many students (and Instructors) have
a problem understanding the use of Table A (Figure 3-6) to cal-
culate the amount of displacement caused by the reversing tidal
current. This tutorial is designed to help understand what is
going on.

Tides have two characteristics that have to be considered to
figure out what effect they have: the Period, and the Magnitude.
An examination of Figure 3-4 shows that the Period varies all
over the map, as does the Magnitude. Table A (Figure 3-6) is
designed to accommodate every possible value of Period and
Magnitude. The columns are for different Periods, ranging from
1h20m to 5h40m, The rows indicate the fraction of the maximum
current, at Flood or Ebb, that occurs the indicated amount of
time after the last Slack. The table assumes the current varies
smoothly, and more or less sinusocoidally, between Slack and Maxi-
mum, and between Maximum and Slack (but perhaps with a different
Period). Both the rows and the columns are in twenty minute
steps.

Figure 3-2a on the facing page is a redraw of the EBB CYCLE
portion of the Tidal Current Chart of Figure 3-2 with the hori-
zontal (x-axis) line representing Time in uniform intervals. Each
20m is marked. Each dot on the curve represents the amount of
current in that 20m interval. The value of each dot is the Ebb
speed (0.58 kt) multiplied by the appropriate factor. For in-
stance the value of the dot for the interval between 0020 and
0040 is 0.2 x 0.58, or 0.11kt. Each of the dots is calculated
this way. Note that the curve does not follow the dots exactly;
this is not significant, and stems from the fact that the factors
are tabulated only to the nearest 0.1lkt.

Note that the curve between 0329 and 0719 is not the mirror image
of the curve between 0015 and 0310; this shows the difference in
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the Period of the current in the different quarter cycles. Also
note the overlap of the 20® period exactly at the Ebb cardinal
point. This explains why the first value of the quarter cycle
following the Ebb cardinal point is not counted. The smoothed
curve shows the value of the current (y-axis, kts) at any time
between 0015 and 0719.

From this curve we can determine the displacement caused by the
current during each 20m interval. For each interval between
Incident and the next Slack multiply the value of the current
{shown in numbers printed horizontally) by the amount of time,
ie, 20 minutes. All of these little displacements are added
together to get the net effect of the (Ebb or Flood) tide. If
this calculation is carried out, the total Ebb displacement is
1.78NM. The Ebb displacement calculated by the method on the
Worksheet is 1.7NM; the agreement is well within the accuracy of
either way of calculating the displacement.

Comments. This example doesn’t generate a very large drift-
so why bother? The example is designed to demonstrate the
technique of calculating Reversing Tidal Current (TC); often
the drift is larger. Even so, the example is not entirely
unreasonable. If the incident is a PIW, this calculation
would be vital. The incident occurs at night in a location
with a 50% chance of dense fog, and it is very likely that
the search would have to wait for daylight. With a PIW the
principal component of drift would be TC.

Caveats. Although the calculations are detailed, the planner
must interpret the results with caution.

1. The CURRENT TABLES are for average climate conditions.
They accurately account for variations in the moon’s
declination (whereas the Tidal Current Charts do not),

but they cannot predict the actual fresh water discharge.

If there has been an unseasonable amount of rain in the
Delta, the EBB/FLOOD ratios will be different than those
in the CURRENT TABLES.

2. The Incident is rarely exactly at a Subordinate Station.
The planner may have to modify the data in the CURRENT
TABLES based on local knowledge.

3. The mechanics of doing the calculations make them prone
to mistakes. That is one reason why a Worksheet is used;
the mechanics can be checked by a second person.

4, The biggest source of error is in the handling of the
Factors from TABLE A. The diagram at the bottom of the
first page of the Worksheet is a time line; the Factors
are read in the direction that time is passing. Another
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hint: read down when going from Slack to Maximum, and
read up when going from Maximum to Slack.

5. All of the EBB Factors are put together, and all of the
FLOOD Factors put together; the two are not mixed.

6. In most cases the direction of EBB and FLOOD are not
exact reciprocals, and the two vectors must be added
using vector arithmetic.

7. Tidal currents in restricted areas, where tidal currents
are the largest, are extremely sensitive to exact loca-
tion. So if the Object experiences a tidal current for
any appreciable amount of time it moves out of the area
where the data applies. This complicates the problem
greatly.

8. Some lines of data in the Current Differences and Other
Constants have an "end note" marked <(x>, where the "x" is
the number of a special end note which modifies some
aspect of the information. In the example given, end note
#6 indicates that the tidal current is principally rota-

ry, so the calculations are very suspect.

9. Many of the Substations indicate the depth of the current
measurement, so many are of no use for an Object like a
raft or a PIW. It is these kinds of uncertainties that
are accommodated by using a 6NM Radius for the search
area.

Leeway (LW). Leeway is the movement of the Search Object
caused by the Wind acting on its exposed surface. Usually,
Leeway is the largest drift component if the object is any-
thing but a PIW. Because of its importance, the Coast Guard
uses a specialized planning form: Leeway Worksheet (see page
A-5,6 in Appendix A). As was done with TC, a fictitious prob-
lem is analyzed and the student should use a blank copy of
the Leeway Worksheet and following the text step-by-step fill
in the data. The completed page 1 of the Leeway Worksheet is
shown in Figure 3-7.

As is true of all planning forms, the top line of the Leeway
Worksheet has the Case Title, Planner’s Name, and Date; this
information simplifies the assembly of all completed planning
forms in the case file. The Incident Summary-common to most
of the planning forms-is transcribed to §A. The characteris-
tics of the Search Object that are important for LW calcula-
tion are recorded in §B. In 8C the synoptic wind history is
recorded and the average calculated for the interval between
Incident time and Datum time. The purpose of this section is
to calculate a single value for Average Surface Wind (ASW)
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that can be used in further calculations instead of the
multiple values of wind speed and direction that have actual-
ly existed. In 8D the Leeway is computed using the Formulas
in Table 3-1 or the Graphs in Figure 3-9.

The back side of the Leeway Worksheet, page A-6, has work-
space for three situations that do not qualify for simple
downwind leeway calculation: when there is Drift Rate Uncer-
tainty, eg, is there a drogue?; Time Uncertainty, eg, when
did the Incident actually occur?; or when Leeway Divergence
must be used. In all three of these situations there are two
LW calculations, hence the MINIMUM and MAXIMUM columns.

Note that the ILLUSTRATION SCENARIO covers a time period of
over 15 hours, and hence does not qualify as Near Coastal
with Drift Time <6 hours. But the purpose of the ILLUSTRATION
is to demonstrate the technique, and multiple synoptic wind
periods help to do that. In a real life incident, no more
than two wind periods could ever be required because each is
for a period of 6 hours.

1. §A of the Worksheet is completed using the data given in
the SCENARIO. Local time is converted to Z{ulu) so that
all Case information uses a common time reference; for
Leeway much of the reported data may be in Local Time.

2. The Search Object Description in §B is in as much detail
as the Search Target Type descriptions in Table 3-1.

3. The wind history from the SCENARIO is transferred to
columns (B) and (C) of 8C. The "day number" is added to
the Reported Wind DTG column.

4, Synoptic winds are reported every six hours. Obviously
the actual wind doesn’t suddenly shift, but for analysis

37°'38’4 N S : 46’7 TM R
, ;GO320 Pac Dayllght Sav1ng Time Aug: 20, 1992:{
“1845 Pac Daylight Sav1ng“Time» Aug 20 +1992-
°f32’ cabln iser wi L ae R




Case Title: C:/C _BL AZLE

Planner’s Name: t/ -5‘7"RAK ER

LEEWAY WORKSHEET
(rev. 5/31/91)

Date: 20 Awo 92,

A. Incident Summary MINIMUM MAXIMUM
1. Latitude N/S 37 38% Ng
2. Longitude W/E /122 48,1 Wi
3. Surface Position DTG z 2010 20 7 Aug92
4. Datum DTG 210145 7 ,4%9 92
5. Drift Interval HRS /S 42 HRS
B. Search Object(s) 22'c/p wh d 1-éfq e
C. Average Surface Winds (ASW)
Reported Wind Valid Number Wind Wind Wind
Wind DTG Period of Hours Direction Speed Contribution
(A) (B) C) (B)(AxC)
200000Z 2100 - 0300 o 220 g.0 /
0600Z 0300 - 0900 o 250 /2.0 /
1200Z /620-6986-- 1500 467 270 [0.0 270 | 46.7
18002 1500 - 2100 é.0 240 2.0 240 1 5Y.0
21 0000Z 2100-0368 0745~ 4?8~ 220 1.0 220 /52,3
$600Z 0300 - 0900 o 240 /¥, 0 /
12002 0900 - 1500 /
18002 1500 - 2100 /
00002 2100 - 0300 /
06002 0300 - 0900 /
1200Z 0900 - 1500 /
1800Z 1500 - 2100 /
00002 2100 - 0300 /
Total Hours /15492 Total Wind Vector 242 1 /43
Divide Total Wind Vector
by total hours to get: ASW 242 o7 _92¢ KTS
D. Downwind LEEWAY
1. Average Surface Winds (ASW) 2492 er
?.28 KTS
2. Set (ASW Direction +180°) 062 -t
3. Formula (if used) 07V+0.0Y
4.  Drift (LEEWAY SPEED GRAPH OR EXPONENTIAL FORMULA) 0.6 2 KTS
5. Drift Interval /S %2 HRS
6.

Leeway (LW) Vectors

Figure 3-7

Leeway Illustration Worksheet p-1
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purposes the reported wind is assumed to be steady in
amount and direction for the six-hour period that begins
three hours before the report time, and extends to three
hours after the report time. For instance, if the report
is time-stamped 0600 it is assumed that the report is
correct for the period between 0300 and 0900, etc.

The Wind Valid Period column includes all possible times
and the Incident Time is marked by finding the Period
during which the Incident occurred and replacing the
beginning time for that period with the Incident Time.
(The wind that occurred before Incident Time obviously
has no effect on the Search Object’s drift after the
Incident.) In like fashion the Datum Time is recorded by
striking out the time in the second half of the Wind
Valid Period that is immediately after Datum Time.

The Number of Hours (A) column records the amount of the
Wind Period that contributes to the Drift; the number in
each row is the difference between the two sets of num-
bers in the Wind Valid Period that occur between the time
of the Incident and Datum. This is the way the different
periods of wind are weighted for their effect on the
Search Object. In the ILLUSTRATION, the incident occurs
at 1020, thus the amount of the 0900-1500 period that can
cause Leeway is the difference between 1500 and 1020, ie,
4h 40m, or 4.67h,

All of the Period between 1500 and 2100 is at work on the
Search Object so 6.0 is entered into column (A). Only a
portion of the next Wind Valid Period is applicable, the
period between 2100 and Datum Time 0145 (next day). Thus
the Number of Hours (A) is 2545-2100 or 4h 45=», or 4,750,

The Total Hours at the foot of column (A) must be the
same as the Drift Interval in §A.5 at the top of the
Worksheet.

The Wind Contribution column is a column of vectors, the
first part is the direction, and the second part is the
amount. The direction is copied from Column (B); the
quantity part is the hours in column (A) multiplied by
the knots in column (C). These numbers are Wind Contri-
bution displacement vectors (they are displacement vec-
tors because Time has been multiplied by Speed), and must
be summed by vector arithmetic in order to get a Total
Wind Vector. Figure 3-8 shows the graphical method of
adding these three vectors; the sum is a vector 143 units
long, in the direction of 242°. This is the Total Wind
Vector. Note that a scale of 20:1 is selected so that the
plot stays on the chart yet still uses most of it.
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10. Since the Total Wind Vector is a displacement vector, the
quantity part is divided by the Total Hours to get an
Average Surface Wind speed vector; the direction compo-
nent of the vector is unchanged. In the ILLUSTRATION, the
ASW is 9.28 kts from 242°. This is the value and direc-
tion of a wind that would have the same effect on the
Search Object as the actual winds it experienced during
the 15.42bd of drift.

11. In §D Downwind Leeway is calculated. Line 1 is simply a
repeat of ASW; Line 2 is the SET, 180° different than the

LEEWAY SPEED LEEWAY
FORMULA DIVERGENCE
SEARCH TARGET TYPE U = WIND SPEED + degrees
1- *Light displacement cabin cruisers, outboards,
rubber rafts**, etc. (without drogues) 0.07U +0.04 35
2- *Light displacement cabin cruisers, outboards,
rubber rafts**, etc. (with drogues) 0.05U -0.12 35
3- Large cabin cruisers 0.05U 60
4 Medlum displacement saltboats, fishing vessels,
eg, trawiers, funa boats, etc. 0.04U
5.- Heavy displacement deep draft salling vesseis 0.03V
8- Suriboards 0.02u

NOTES
* Do not use these formulas for values of U below 5 knots.

* These formulas and the leeway spesd chart apply to rafts without canoples or ballast system. Some rafts may
be modified with either canopies or ballast systems or both. Use the following guidelines:

a.Rdthhamqkwmmbdbﬂpmhmxuwmwsmndhaumnhmb&he&mwmudbwﬁmm
b.Raﬂsvdmcanoples(nobalastpodcets)havabemyspeedsappmximblymm&nn rafts without.
c. Rafts with baliast pockets (no canoples) have leeway speeds approximately 20% siower than rafts without.

d. Rafts with and a deep ballast have uncertain leeway speeds. 8 mate that for
R e A o o oy bpoad I 0 for winds of 0.5 ,ﬁoﬁﬁ?fu&?ﬁw« than Skis.
Fordeepbalgslraﬂsmratheeanopydoesmtdeploy,meleewayspeedfaﬂsbetweeno- of wind speed.

e. Circular Rafts and Circular Rafts with Deep Ballast Systsms are considered a special category with divergence
of 15°. Hf there is doubt as 1o the raﬂtgge.ORﬁﬂmballastpod(et(s)areasyTnemnomeoem«axbofa
circular raft, this category should not be used.

Table 3-1 Leeway Speed Formulas
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12.

13.

14.

direction of the ASW. On line 3, the formula from Table
3-1 for the Target Type that corresponds to the Search
Object is copied, and in line 4, the Drift rate is calcu-
lated by applying the ASW amount to the formula. Line 5
is a copy of the Drift Interval from §A.5. Line D.6 is
the resulting LW vector; the amount is the product of the
Drift Rate (0.69 kts) multiplied by the Drift Interval
(15.42%) with a Direction of the Set.

If the planner is diffident about arithmetic he can use
the Graphs in Figure 3-9 instead of the formulas; he
selects the proper curve and reads the Leeway speed for
the calculated ASW wind speed. The curves are numbered to
correspond to the Target Type descriptions in Table 3-1.
In general it is better to use the formula rather than a
curve as it is much easier to check the work.

With this long drift time the planner would ordinarily
use divergence instead of downwind Leeway, but this
fictitious ILLUSTRATION specified downwind Leeway only.
In almost all cases that would involve the Auxiliary the
drift time would be <6h, so divergence would not be used
in planning the Drift.

As a fun exercise, complete the third situation on the
back side of the Leeway Worksheet using the 35° diver-
gence for a Type 1 Target, and calculate how far apart
the two LW vectors are. (Answer-slightly over 12NM)

Caveats. The Leeway Worksheet is less susceptible to errors
than the Reversing Tidal Current Worksheet, but some precau-
tions must be observed.

1.

The Date/Time/Group used are all Z(ulu) time zone, and
conversion from local time, especially Daylight Saving
Time-as might be reported on the Incident Sheet-must be
done accurately.

If the Search Object is a type whose Leeway Speed is
modified by a drogue, and the planner does not know
whether the Search Object has a drogue or not, it is
necessary to use the reverse side of the Leeway Worksheet
and calculate two Leeway vectors, one for the Object with
a drogue and one for the Object without a drogue.

The Total Wind Vector is always the vector sum of the
Wind Contribution vectors; it is not the arithmetic sum
of the quantity parts and the average of the direction
parts of the Wind Contribution vectors.

The wind is always reported from (whereas current and
drift are reported to). The same value of ASW is used
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Figure 3-9 Leeway Speed Graphs

when divergence has to be considered; one Leeway vector
has a direction of the reciprocal of the ASW plus the
divergence angle, and the other Leeway vector has a
direction of the reciprocal of the ASW minus the diver-

gence angle.

A curious student may ask "Displacement of What?" when
the Wind Contribution Vectors are called "displacement"”
vectors. Since the Hours in column (A) are multiplied by
the Knots in column (C) the product must be Nautical
Miles. What this represents is the distance a balloon
would travel if released exactly at the Incident Time and
if it experienced the three values of wind amount and
direction represented by the three vectors. So the dis-
placement is "of" a chunk of air that experiences the
actual wind.

Datum. Having determined the values of all of the vector
forces that move the Search Object, these displacements are
combined to determine Datum. It is customary to combine all
of the currents into one Total Water Current vector and then
add the Leeway vector. The reason for this "custom" is be-
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cause in all cases where drift time is >6 hours (>4 hours for
Open Ocean) there are at least two Leeway vectors. In such
cases the TWC is the same, but is added to two different LW
vectors. When there is only one LW vector it is not necessary
to compute a TWC; the various Current vectors can be added to
the LW vector at one time. The vector addition can be done on
a maneuvering board (or Vector Worksheet) or the vectors can
be plotted directly on a chart.

The planning form, Datum Worksheet (see pages A-7,8 in Appen-
dix A), is designed to record most of the information that is
worked up to determine Datum. In order to demonstrate its use
a fictitious DATUM ILLUSTRATION SCENARIO is used; the process
should be followed step-by-step by the student working with a
blank Datum Worksheet.

1. The heading information at the top of the Datum Worksheet
is slightly more elaborate than on the other Worksheets.
The planner plots the LKP to determine the "Surface
Position Desc{ription)"”. Since the Incident is obviously
a Distress, he can then assign assistants to alert the
nearest Station to prepare for a SAR mission.

2. If the first search does not find the Search Object and a
second search becomes necessary a new Datum must be cal-
culated since the Datum Time for a second search will be
much later. Therefore the heading includes the infor-
mation on which Datum number and which Search Plan is
being worked out on this particular Worksheet. In the
DATUM ILLUSTRATION SCENARIO this is the Worksheet for
Datum #1 and Search Plan A.

3. 8A is not applicable to this Incident since this is a
vessel Incident. 8B contains the Incident information
(from the SCENARIO). Note that the TARGET is identified

e DATUM ILLUSTRATION SCENARIO
CULEP "“TL"*:;_37‘ 42’1 N. f f” ‘ﬁ. 122° 44’5 W o _
~Ineident - 0042 Pac Daylight Saving Time Aug 10, 1992
:jDatum :*'UjJ'UOGOO Pac Dayllght Sav1ng Tlme Aug- 10, 1992
| bj | 4<man Raft 2 POB
,qussel experlenced w1nds >25 kts from 275’ -

rew ‘in ‘:.H _raft, no VDSD LORAN*T




as a "Raft w/o canopy" but the SCENARIO does not state if
the raft has a canopy or not. This is the Planner’s first
guess!

§C contains the Planner’s second guess, ie, what Datum
Time should he use for the search plan? Taking into
account the size of the Search Object, the sea state
(winds >25 kts), and the lack of night visual aids he
concludes that the search should commence at first light,
6AM PDST. This decision determines the Drift Interval
recorded in §C.2.

§D has provision for five different currents. For the
SCENARIO assume a TC vector of 2.1NM at 240° (8D.2) and a
SC vector of 0.6 kts at 331° (8D.3), (Worksheets are not
included). The displacement SC vector is calculated
(Drift, 8D.3.c multiplied by Drift Interval, 8C.2) and
entered in §D.3.d.

The TWC can now be computed as shown in Figure 3-12. The
Datum Worksheet does not have a blank line for TWC; in
the ILLUSTRATION §D.5 is used to record TWC.

The ILLUSTRATION SCENARIO assumes a LW vector of 9.7NM at
095°, (Worksheet not included).

The Total Surface Drift, §F, is computed as illustrated
in Figure 3-12. However, §G requires that the data be
plotted on a chart so the Lat/Long of the Datum can be
determined.

Caveats. There is really no point in doing the work shown in
Figure 3-12; it might just as well be done on the chart in
the first place. Whenever a vector is a displacement vector
applicable to the Search Object, the vector can be plotted on
the chart; only speed vectors cannot be charted but must be
worked out on a maneuvering board or Vector Worksheet.

1.

The Datum Worksheet has places to record the source of
the information the planner is using. §D.1 is a place for
Observed Total Water Current; the source of the informa-
tion is important to determine its reliability and accu-
racy. For example, a D(ata) M(arker) B{ouy) is a much
more reliable source than a report from a local fish-
erman.

The information source for §D.3 is the Coast Pilot and
L{(ocal) K(nowledge). The area where the incident occurs
has a great deal of traffic that can report on actual
local conditions. The Planner would undoubtedly issue a
UMIB, and also request information on sea conditions from
anyone transiting the area.

3-28



DATUM WORKSHEET
(rev. 5/31/31)

Case Title: _ F/V DuNCAH POS—“ Planner’s Name: W. Mosris Date: /0,417 22
Surface Position Desc: S3AMSW GG Datum #: _/ Search Plan BC _

CIRCLE ONE

A. Aerospace Drift (d)

1. Bailout Position Latitude N/S
Longitude W/E
2. Bailout Position DTG Z
3. Total Vector from Aerospace Worksheets °T
NM

B. Position Where Surface Drift Will Start
MINIMUM MAXIMUM

1. Surface Position from Aerospace Worksheets,
Last Known Position/Incident Position,
Previous Datum (non-minimax),

Previous D__and D_, Positions.

TARGET(S) Ratft wheanopy
2. Time y/ 1007 %2 zAcsﬂL
3. Latitude N/S 37 421 Nig
4. Longitude WE /22 #48 WE

C. Datum Time
1. (Commence Search Time/Mid-Search Time) /01300 7 4uv4 @2

2. Drift Interval HRS 5.3 HRS

D. Total Water Current
1. Observed Total Water Current (TWC)

a. Source (DMB, debris, oil)

b. Set °T oT
Drift KTS KTS
c. TWC Vector __°r - T
Direction from above and
Drift x Drift Interval _NM ___NM
2. Tidal Current Vector oT 240 °T
Use Substations of Both positions
If drifting from D__ and D__, NM 2./ NM

(Attach Tidal Current Worksheet)

Figure 3-10 Datum Illustration Worksheet p-1
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. Datum

3. Sea Current (SC)
a. Information Source

b. Set

c. Dnft

Use lat/long of both positions
if drifting from D_,_ and D__,
d. Sea Current (SC) Vector

Direction from above and
Drift x Drift Interval

4. Wind Current (WC)
Wind Current (WC) Vector
Use Latitude of both positions
if drifting fromD__and D__,
(Attach Wind Current Worksheet)

Total
5. Other Water Current

Use information for both positions
if drifting fromD_,_and D,
(Attach Other Water Current Worksheet)

. Leeway (LW)
1. Leeway (LW) Vector
(Attach Leeway Worksheet)

. Total Surface Drift (d_,_andd__)
From Chart, UPS, or calculator
1. Direction

2. Distance

. Datum (D_,_ and D_ )
1. Latitude

2. Longitude

. Distance between D_, and D__

X

minimax

1. Latitude

2. Longitude
3. Datum_,. DTG

4. Direction from SP to Datum

minimax

DATUM WORKSHEET

(rev. 5/31/91)
MINIMUM MAXIMUM
Coast Pt LK
oT 33/ o7
KTS _ 0.6 __ KTS
°T 331 T
NM F./8 NM
oT oT
NM NM
oT 297 oT

NM 3.75 NM

oT o995~ °oT

NM 2.7 NM

oT O§2 °T
NM _ é4 NM

N/S 37 #3.4 N
W/E /22 36.4 wgz’

NM

N/S
W/E

°T

Figure 3-11 Datum Illustration Worksheet p-2
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Search Area. There is a dedicated Search Area Worksheet
(pages A-9,10 in Appendix A) but it is not very applicable to
Near-Shore First Search <6 Hours. In this case the Search
Area is defined as an area having a Radius of 6NM centered at
the computed Datum. Since Search Rescue Units cannot search
circular areas very systematically, the circular search area
is "squared off" with two sides parallel to the Drift direc-
tion. Thus the standard Search Area is 144 NM2.

The SEARCH AREA ILLUSTRATION SCENARIO is the same as that
used for Datum. Figuring out the Search Area is done using a
large-scale chart of the local area.

1. The ILLUSTRATION is plotted on the chart shown in Figure
3-13. The printing process makes it difficult to show the
chart properly, but the LKP, the TWC vector, and the
Datum position are clearly marked. (The "notation", ie,
the charting symbols used, are the standard used by
SMCs). In the example, the Search Area is about 12NM?
less than 144 because the Search Area overlaps the land.
This is not at all unusual, and is one of the reasons why
the Search Area is always plotted on a large-scale chart.

2. In the case of Open Ocean, or Near Coast with more than
6h elapsed time, the Search Area determination is much
more complicated. Even more complicated is Asset Alloca-
tion, ie, what Resources to use, and what fraction of the
total Search Area will be assigned to each. Since these
examples have dealt only with Near Coast it is usually
not necessary to complete a formal Asset Allocation
Worksheet, and the Search Area description is included in
the Remarks section of the Search Area Worksheet. The
corners (that are offshore) are noted, and possibly the
route that is assigned to the SRU that is dispatched.

4. Asset Allocation does not receive much attention in this
text because it is rarely a problem in Near Coast cases.
In this ILLUSTRATION the SMC would probably dispatch a
82-ft Patrol Boat to arrive at Datum at first light, and
a helo to arrive at LKP at first light. Coast Guard expe-
rience has shown that the SRU should go first to LKP,
then to Datum, and then proceed with its assigned search
pattern. A helo is much the best search platform but a
boat is necessary for rescue. In addition, it is a safety
measure to have a boat in the vicinity of a helo opera-
tion in case the helo experiences difficulty.

Durnv and Dmax. The Datum example illustrates how the incident
information can result in two datums. The call to the Coast
Guard was fairly complete, but it didn’t indicate if the raft
had a drogue or not. Note that the Datum Worksheet has room
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for two sets of calculations, one labeled MINIMUM and one
labeled MAXIMUM. For example, the SMC can plan for two dif-
ferent Leeways; he does this by using the Drift Rate Uncer-
tainty (page A-6) instead of §D on the first page of the
Leeway Worksheet. He calculates the Minimum Leeway by assum-
ing the raft has a drogue, and calculates the Maximum Leeway
by assuming the raft does not have a drogue. In the Datum
example this results in two Drift vectors and thus two Da-
tums. The Drift vector in the DATUM ILLUSTRATION SCENARIO is
6.4NM in the direction of 082°. If the raft has a drogue its
LW is only 6.14NM and the Drift becomes 3.1NM in the direc-
tion of 068°. Thus there are two Datums, and the 6NM radius
is drawn around each and the combined circles squared off as
shown in Figure 3-14. Note that the search area is now larger
(187NM2 ), and the orientation of the axis slightly different.

In the Coastal cases with multiple Datums the Search Area is
determined by a 6NM radius around each Datum and the circles
squared off. In Open Ocean cases there may be several possi-
ble Datums; the one that is farthest from the LKP is defined
as Duax and the one that is nearest the LKP is defined as
Dmin; the position half way between the two is defined as
Duin-Max. The Search Area is specified from that reference
Datum.

Computer Assisted Search Planning (CASP). It is obvious that
a considerable amount of Search Planning is tedious number
crunching that could be done on a computer rather than by
hand. In addition the latest phase of CASP program develop-
ment includes the capability of calculating POA, a process
that is essentially impossible manually. CASP is a system
with remote terminals at each RCC; although in existence for
a few years, CASP, historically, has not been much used. In
1991 a major effort was undertaken to make CASP more effec-
tive, and to assure its use (and subsequent evaluation and
improvement) the Coast Guard now requires that CASP be used
whenever:

1. The incident is outside the 30 fathom line, or

2. The duration of the incident has or could have exceeded
24 hours, or

3. There is uncertainty concerning the incident time, inci-
dent location, type of search object(s) involved, etc.

CASP is used by search planners to identify probable search
areas and plan resource allocation. It is supplied with the
search object’s characteristics and the uncertainties of the
case; CASP uses this information together with on-line envi-
ronmental databases to simulate drift. After drift simula-
tion, CASP calculates probabilities for different search
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areas, platforms and patterns. The goal of all search plan-
ning is to maximize POS, rather than POD.

The Coast Guard policy that requires that CASP be used really
means that data must be entered into CASP when the incident
meets the criteria. As with any other information that bears
on a distress incident, it is the SAR planners responsibility
to decide what information to use.

Open Ocean. Searches in the open ocean are of no practical
interest to Auxiliarists; however, having mastered coastal
waters search planning the Auxiliarist might think it not to
difficult to master the open ocean case. In point of fact it
requires a degree of sophistication beyond the scope of this
course.

The Chart from which Figure 3-13 was prepared reprinted by permission of International Sailing Supply.
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REVIEW QUESTTIONS

1. When is Search Planning necessary?

2. What is the purpose of Search Area Planning?

3. Referring to Figure 3-1 which column is used for First
Search, Coastal Waters, Drift time > 6 hours?

4, Referring to Figure 3-1 which column is used for Second
Search, Coastal Waters, Line/Area LKP?

5. Referring to Figure 3-1 which column is used for First
Search, Enclosed Waters, Drift Time £ 6 hours?

6. When is Drift Rate Uncertainty used in Leeway calculation?

7. What is the Search Area Radius for a First Search, Coastal
Waters, Drift Time £ 6 hours?

8. Define LKP.

9. Define Open Ocean.

10. Define TWC.

11. Define TC.




12. Define LW,

13. Define Vector.

14. Use a Tidal Current Worksheet and work out the Total Revers-
ing Tidal Current Vector. Use the Tidal Current Tables in
the Text.

LKP 37° 450 N 122° 32'0 W
Incident Time 261420 Z Aug 92
Datum Time 262100 Z Aug 92

15. Use a Tidal Current Worksheet and work out the Total Revers-
ing Tidal Current Vector. Use the Tidal Current Tables in
the Text.

LKP 37° 4940 N 122° 30.0 W
Incident Time 262105 Z Sep 92
Datum Time 270400 Z Sep 92

16. Is the Tidal Current calculation not very accurate, moderate-
1y accurate, or very accurate?

17. Use a Leeway Worksheet and work out the Leeway Vector.

Object: Medium Displacement Fishing Vessel "PROBLEM 17"
LKP 37° 40°0 N 122° 45%°0 W
Incident Time 131340 Z Aug 92

Datum Time 132300 Z Aug 92
Synoptic Winds:
130000 Zz 265° 18.0kt
130600 Z 270° 15.0
131200 Z 295° 10.0
131800 Z 180° 5.0
140000 2 260° 11.0




18.

Use a Leeway Worksheet and work out Leeway Vectors.

Object: Raft (with drogue) & Raft (without drogue).

LKP 37° 410 N 122° 46°0 W

Incident Time 092106 Z Jul 92

Datum Time 100518 Z Jul 92

Synoptic Winds:
090000
090600
091200
091800
100000
100600

260° 10.0kt
220° 7.0
180° 5.0
240° 10.0
270° 15.0
290° 11.0

NNNNNN

19.

Use a Datum Worksheet and Maneuvering Board and work out the
TWC and Total Surface Drift.

Object: Raft (with drogue) & Raft (without drogue)
LKP 37° 42°0 N 122° 44% O W

Data previously worked out:
Tidal Current Vector 2.3NM £220°
Sea Current 0.4kt £320°
Average Surface Wind 24kt /280°

Incident Time 202200 Z Sep 92
Datum Time 210330 Z Sep 92

20.

Use a Datum Worksheet and Maneuvering Board and work out TWC
and Total Surface Drift.

Object: Raft (with drogue) and Raft (without drogue)
Drift Time 5 hours

TWC 1.1kt L042°

Leeway w/drogue 1.2kt L163°

Leeway wo/drogue 1.8kt £163°

21.

What is the normal Search Area for a Coastal Model First
Search?

22.

Under what circumstances might the Search Area for a Coastal
Model First Search be less than 144NM27?




23. What does CASP stand for?

24. When is CASP used?

25. Why is the TWC, LW and Datum plotted on a large scale chart?
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CHAPTER 4 SEARCH OPERATIONS PLANNING

Introduction. The goal of search operations planning is to
maximize the probability of success. As indicated earlier in
this text the PROBABILITY OF SUCCESS (P0OS) is the product of
the PROBABILITY THAT THE TARGET IS IN THE SEARCH AREA (POA)
multiplied by the PROBABILITY OF DETECTING THE TARGET (POD).
Chapter 3 has reviewed the various algorithms used to deter-
mine the Search Area; this Chapter will review the statistics
of detecting the target. In the final analysis the SMC has to
balance the constraints imposed by the system-how many SRUs
he has available and the characteristics of the incident-to
maximize the POS. For most incidents confronting Auxiliarists
the balance is not very complicated because of the near-coast
parameters of nearly all of the incidents in which the Auxil-
iary is involved. However, in order to present a complete
picture of the planning process the comments in this Chapter
are not limited to the near-coast environment.

Probability of Detection (POD). The probability that the
target will be detected, if it is in the search area, depends
on several factors. One that is assumed is an accurate target
description; this influences both the search area plan and
the probability of detection. For example, if the target is a
boat, has it capsized? A capsized boat is an entirely differ-
ent target than one that is still upright-its drift is dif-
ferent, and it looks different. The accuracy of target de-
scription depends on the detective work and imagination of
the SMC, and not on any algorithm or formula.

The parameters that can be handled by "planning" are those
that are formal, ie, those that assume the parameters that
depend on intuition and judgement are correct. There are two
such formal parameters that influence probability of detec-
tion.

1. Track Spacing (S). It is obvious that the closer two
successive search courses are, the greater the chance
that the target will be seen. It is equally obvious that
the closer together the courses are, the longer it takes
to cover the search area. In order to calculate the
effect of track spacing, it has to be defined and quanti-
fied. Figure 4-1 shows the definition of Track Spacing;
Track Spacing (S) is the distance between two adjacent
parallel legs. It directly influences target detection.

The method of selecting S depends on the decision path
followed in Figure 3-1. For Near-Coastal First Search
where a "standard" radius is used, a "standard" Track
Spacing is also used. In every other scenario, the SMC
selects S to achieve his desired final result. Table 4-1
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shows the "standard" track spacing used for the Near-

Coastal First-Search model.

Good Conditions
wind < 15 kts
or seas < 3 ft

Search Object

PIW 0.1*
( 15 ft & rafts 0.5
> 15 ft 1.0

e 0 6 0 8 s o e

I R A I A A I A A )

Poor Conditions
wind 2 15 kts
or seas 2 3 ft

L I I e I I A I I I T I Y S A B

0.1%
0.2
0.5

I R R I R I Y A L I I I Y I

¥ > 0.1 up to SRUs minimum ability to navigate

Table 4-1 Coastal First-Search Track Spacing (NM)

2. Area Coverage. Although

not strictly a parameter, A. SIMULTANEOUS SWEEPS

the Time it takes to cov-
er the search area is an
important number used in
search planning. It re-
quires a decision on the
Speed of the SRU, and
hence a selection of a
SRU type. This is often
not a difficult decision,

— 3 -Me— N >

as in a real Distress

case the SRU is almost

. . . . SUCCESSIVE SWEEP
always an aircraft; it is B SUCCES SWEEPS

a helo near coast and a
fixed-wing off shore. The
area covered is expressed
by the equation

A=V-8-T

e ) M= (D >

5
where A is the area ‘i?,
searched in NM2, V is the

speed of the SRU in

knots, S is the Track
Spacing in NM, and T is
the Search Time in hours.

Figure 4-1 Track Spacing

This aspect of Search Operations Planning shows the tran-

scendental nature of search planning; the SMC must esti-
mate T before he can determine Drift since he will usu-
ally use mid-search time as Datum Time. For near-coastal
searches the Area is known-~-144NM2 and either T or S is
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the unknown. If T is the limiting factor, eg, the hours
of daylight remaining, solve for S, otherwise select S,
from Table 4-1, and solve for T.

Sweep Width is defined as "the distance on both sides of
the SRU where the probability of detecting a target at a
greater distance is Jjust equal to the probability of
missing a target at a lesser distance”. The term "Sweep
Width" is, in many ways, an unfortunate choice of name;
it might better be called "Detection Width". Whatever
called, it is the most important parameter used in search
operations planning. Figure 4-2 illustrates graphically
the definition of Sweep Width. Most of the variables that
determine Sweep Width have been measured by experiment,
and tables generated for SMCs Lo use. These tables-ex-
plained later in this Chapter-tabulate an "Uncorrected
Sweep Width"; this number is "corrected" by general
condition factors to generate a "Corrected Sweep Width".
It is the Corrected Sweep Width that is used in Search
Operations Planning.

TARGETS NOT DETECTED

WITHIN SWEEP WIDTH
100% P

MA X
Rp

%

Af’ A/’

e

A

|
i
A
SWEEP WIDTH
L

A

/

%

o MA X
TARGETS DETECTED A

OUTSIDE SWEEP WIDTH Rp

NOTE: Number of targets missed in area “A” is
aqual to numbaer of targets sighted n area “B".

Figure 4-2 Sweep Width

Uncorrected Sweep Width. Table 4-2 is a table of Uncor-
rected Visual Sweep Widths for a small-boat SRU, and for
an aircraft SRU flying at 1000 feet. The SMC has many
such tables, for larger SRUs, for aircraft flying at
different altitudes, different speeds, etc. This single
Table is adequate for Auxiliary purposes however, because

"

Auxiliary vessels are all "small boats”, and Auxiliary
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Small Boat SRU Altitude 1000 ()

Vigibility (NM) Visibility (NM)
T 3 5 10 15 20 Searching For 1 3 5 10 15 20 X0
02 02 03 03 03 03 Parson in Water 00 01 01 0.1 0.1 0.1 09
07 13 17 23 28 27 Raft 1 person 0.3 07 09 12 14 14 14
07 17 22 31 35 39 Raft 4 person 03 10 13 18 21 23 23
08 19 26 38 43 47 Raft 6 person 04 1.1 18 22 26 28 28
08 20 27 38 44 49 Rafi 8 person 04 12 1.7 24 28 3.0 30
08 20 28 40 48 53 Raft 10 person 04 13 1.8 26 30 33 33
08 22 30 43 51 57 Aaft 15 person 04 1.4 20 28 34 37 42
09 23 33 49 58 65 Raft 20 person 04 15 22 32 39 43 48
08 24 35 52 63 70 Raft 25 person 04 18 23 35 42 47 54
04 08 11 15 16 18 Power Boat <15 #t 04 10 13 17 18 20 20
08 15 22 33 40 45 Powser Boat 15-25 #t 05 1.7 25 37 44 50 50
08 18 29 47 50 68 Power Boat 2540 # 05 22 34 54 68 78 93
09 24 38 70 €3 111 Power Boat 40-85 i1 06 27 45 82 109131168
08 25 43 83 114 40 Power Boat 65-90 H 08 28 51 8.8 136167217
08 15 21 30 36 40 Sail Boat 15 R 05 16 23 33 40 44 44
08 1.7 25 37 46 51 Sall Boat 20 R 05 1.8 27 42 51 57 57
09 19 28 44 54 83 Sail Boat 25 ft 05 21 32 50 62 714 71
09 21 32 53 86 717 Sei! Boat 0 1 06 23 36 6.0 76 89 107
09 23 38 68 88 103 Sail Boat 40 1 08 26 43 7.6 109120149
09 24 40 73 97 118 Sail Boat 50 #t 06 27 48 85 114127174
09 25 42 78 107 131 Sait Boat 85-75 # 06 28 49 93 128156201
08 25 44 83 116 142 Sait Boat 75-90 tt 06 28 51 89 138170222
14 25 46 93 132 188 Ship 90-150 ft 06 29 54 1111598201270
14 26 489 103 155 202 Ship 150-300 # 06 3.0 57 12518824.7349
1.4 28 49 10.9 168 225 Ship >300 h 08 30 58 132206279414

Table 4-2 Uncorrected Visual Sweep Width (NM)

aircraft usually fly at 1000 feet. The table is entered

with the SRU type, the Visibility, and the Target type.

The number at the intersection of these variables is the

Uncorrected Visual Sweep Width in nautical miles.
5. Radar Sweep Width. Auxiliary vessels with RADAR might be

dispatched on a search when the visibility is very low
and the search must be done using RADAR for detection.
The NSM includes RADAR Sweep Width numbers for the AN/-
SPS-64 and AN-SPS-66 systems. Civilian small-boat RADAR
is not exactly comparable with either of these sets, but
the numbers for the AN/SPS-66 can probably be used in
most cases; these are given in Table 4-3. When visibility
is less than INM, RADAR is definitely superior, and
should be used. Douglas Sea State defines "1" as having
0-1 foot waves, "2" having 1-3 foot waves, and "3" having
3-5 foot waves. Larger sea states generally cause such
severe sea return that RADAR is useless.
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Target Type \ Douglas Sea State 0~1 2-3 0-2

Small boats without
reflective material 0.8 0.0

Small boats with
reflective material 2.0 0.4

Large boats with significant
reflective material 9.5

Table 4-3 RADAR Sweep Width (NM)

6. Corrections. The Uncorrected Visual Sweep Width is ad-
justed for Weather, SRU Crew Fatigue and SRU Speed by the
formula

W=W, £, f -F,

where W, is the Uncorrected Sweep Width, fw 1s the Weath-
er correction factor, fr is the Crew Fatigue correction
factor, and fv is the SRU Speed correction factor.

a. Weather Correction Factor. Table 4-4 gives the correc-
tion factor to be used for differing weather conditions.

This factor is used only with Visual Sweep Widths,; RADAR

Sweep Widths are already corrected for sea state.

Winds <15 Kts 215 Kts 225 Kts
Target Type Seas <2 ft 2-3 ft >4 ft
PIW, rafts, or
anything <30 ft long 1.0 0.5 0.25
Other Targets 1.0 0.9 0.9

Table 4-4 Weather Correction Factor

b. Fatigue Correction Factor. If a crew is fatigued its
efficiency is reduced 10%, ie, the Fatigue Factor is 0.9
for a tired crew (and 1.0 for a fresh crew).

¢. Speed Correction Factor. Speed Correction is applica-

ble only to Coast Guard and military aircraft; for Auxil-
iary aircraft and vessels a fv of 1.0 is used.
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Coverage Factor. Probability of Detection is a statisti-
cal concept that permits the SMC to compare different
search scenarios; it is a "quality" number that relates
Track Spacing (S) and Corrected Sweep Width (W) with the
statistical probability of the target being detected. The
relationship is expressed in terms of the ratio of W to
S§; this ratio is called Coverage Factor (C). From the
equation one can see that increasing S reduces Coverage,
and increasing W-for example by using a helicopter in-
stead of a boat-increases Coverage.

Probability of Detection. This is the final number gene-
rated by the SMC; once he knows (C, he can read POD from
Figure 4-3. If more than one search is required the
criterion for using 6NM as the search radius is void; the
Search Area Planning has to be done all over again using
a different path down the logic tree in Figure 3-1.

The graph shows that if =1, ie, the Track Spacing is
selected equal to the Corrected Sweep Width, the POD is
78%. It is interesting to look at the slope of the graph;
in the neighborhood of (=1 the slope is such that a small
change in C produces only half as much change in POD. The
larger C becomes, the less effective-percentagewise at
least-is the increase in POD.

Probability of Success. For a C of "1" the POA must be
64% for the product of the two probabilities to be 50%.
In near-coastal incidents the numbers are better than
that because the 6NM radius is too pessimistic. The 6NM
radius is not just pulled out of thin air; it comes from
the assumption that the error in reported LKP is =bNM.
This is not an unreasonable asgssumption if the LKP is
deduced from bearings, but is certainly too large if the
LKP is reported from LORAN readings, even from coordinate
converter LORAN readings. The 50% POS is more reasonable
for Ocean Searches where the Search Radius is much larger
and is derived by an elaborate statistical model using
probable errors in the accuracy of navigation, LKP,
Drift, etc.

Example. Assume a typical case assigned to the Auxil-
iary. The Visibility is 5.0NM, Wind is 12kt, the
Target is a disabled power boat 20ft long, and the
Auxiliary crew is fresh. What is the POD?
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0.5 1.0 1.6
COVERAGE FACTOR
Figure 4-3 Probability of Detection

2.0

From Table 4-2 the Uncorrected Visual Sweep Width is
2.2NM. The Weather Correction Factor fw is "1" because

the winds are only 12kt; the Fatigue Correction Factor is

also "1" because the crew is fresh; the Speed Correction

Factor is "1" because the SRU is a boat. So the Corrected

Visual Sweep Width is 2.2NM. Table 4-1 calls for a Stan-
dard Track Spacing of 1NM, hence the Coverage Factor is
2.2/1 or 2.2. From Figure 4-3 the POD is >98%!

This example demonstrates why the Coast Guard achieves a
POS for a Coastal First Search of 95%. This success rate
stems from the conservative standards used for Search
Area and Track Spacing for near-coastal distress inci-
dents.

SRU Assignment. Depending on the path (from Figure 3-1) used
to calculate the Search Area, SRU assignment is either a

ma jor problem, or a relatively minor one. This text reviews
just two of the possible paths, ie, Near-Coast First Search
and Ocean Search (Drift Time > 4t); the other two possible
paths are modifications of these extreme paths,



Near-Coast First Search. Most maritime SAR cases occur
within 25NM of the coast and are usually handled at the
group or station level, the level receiving the distress
call. Once the call is verified as an actual Distress, a
SRU is dispatched immediately to the LKP. The selection
of SRU usually depends on the distance between the LKP
and the SRU base. If a boat SRU can reach the LKP within
about 2 hours it is used (since it is also a Rescue
unit); if the transit time is longer, a helo is used
because it can reach the scene much more quickly.

a. SRU Action. When the SRU arrives on scene and the
target is not seen or located, the SRU 1) immediately
notifies the SMC who begins search planning, 2) assumes a
6NM radius for search area, 3) begins a search pattern
appropriate to the geography of the LKP-usually an Ex-
panded Square or Sector, and 4) uses the numbers in Table
4-1 for Track Spacing. Thus the SRU Action is semi-auto-
matic. This is exactly the action that is expected of an
Auxiliary Facility that is dispatched on a case.

b. SMC Action. If the initial SMC is at a facility lower
than Group, the SMC function is transferred to Group, or
RCC. Only at Group, or RCC, are there facilities and
qualified personnel for Search Area Planning.

Multi-unit Search. If the Track Spacing is very
small, more than one SRU may be required to cover the
search area in a reasonable time. For example, the
SMC can divide the nominal 144NM2 area into four
squares each 36NM2. Under these circumstances the SMC
appoints an On Scene Commander (OSC) who is in charge
of the other three SRUs and who handles all of the
communication with the SMC. This is a common occur-
rence with Auxiliary SRUs who assist a Coast Guard
Unit in a search, and the Cocast Guard Unit is the
0scC.

Open Ocean-Drift Time >4P. SRU assignment for the Open
Ocean case is much more complicated. Unless the Dis-
tressed vessel has used a newer type EPIRB to signal its
distress, the search area becomes very large before the
SMC can get resources to the scene. His problem is to
balance the number of resources, the search area, and the
track spacing to maximize the POS. The version of CASP
called Phase II (now under development) makes his problem
manageable by making more accurate calculations of POA,
and by resolving potential conflicts between SRUs that
have overlapping search areas.




Search Patterns. A SAR text for the Auxiliary would not be
complete if it didn’t cover the various Search Patterns that
might be assigned to an Auxiliary vessel. But the student
should bear in mind that the ones he must become proficient
at executing-and the ones most difficult to do well-are
Expanded Square and Sector patterns, as they are the ones
most often assigned to Auxiliary vessels. Most of the pat-
terns are square or rectangular, although the Search Area
analysis generally results in a circular area. Except for
Sector patterns all the other patterns are square or rectan-
gular, the only practical shapes for actual operational
searches. Circular Search Areas are converted to "squared
of f" patterns by running boundary lines tangent to the Search
Area circle with one set of lines parallel to the Total Drift
vector, and with other lines at right angles. If there is
only one Datum the Search Area is square; if there are two
Datums the Search Area is rectangular.

1. Pattern Designation. A coded system of letters is used to
designate search patterns. The major pattern characteris-
tic is identified by the first letter, the second letter
denotes SRU number ("S'" is a single-unit search; "M" is a
multi-unit search), and the third letter designates
specialized SRU patterns or instructions ("R" is for a
return pattern; "N" is a non-return pattern). For example
pattern "SS" is Expanded Square Single unit, "SM" is
Expanded Square Multi-unit, "VS" (Victor Sierra-not
Vector Sierra) is Sector Single unit, and "VM" is Sector
Multi-unit. The pattern designations apply whether the
SRU is an aircraft or a vessel.

2. Pattern Element Definition. There are several definitions
that are unique to search patterns. They are used co the
details of the pattern assigned are clear Lo both the SMC
and the skipper of the SRU.

a. Commence Search Point (CSP) is the location in the
search pattern where the SRU begins searching. (Before
arriving at the CSP, the SRU is "en route"). Specifying
the CSP allows the SRU to plan the course en-route,
ensure that the SRU(s) are separated and begin searching
at the desired position and time.

b. Search lLeg is the long leg along the track of any
patiern. (Not applicable to Sector or Square patterns.

¢. Crossleg is the connection between two Search lLegs in
a rectangular pattern.

d. Creep is the general direction a SRU moves through a
rectangular pattern.



Search Area Specification. SRUs plot their courses to the
assigned search area on the basis of information received
from the SMC. Several standard methods have been devised
to describe search areas.

a. Boundary: Any square or rectangular area oriented E-W
and N-S is described by two Latitudes and two Longitudes.

b. Corner Points: Any area (except circular areas) is
described by the Lat and Long, or geographical features,
of each corner; the corners need not be square.

c. Center Point: This method uses Lat and Long of the
center point and the search Radius (if circular), or the
direction of the major axis and applicable dimensions, if
rectangular.

d. Track Line: Search areas are defined by stating the
track and the width of the coverage.

Typical Search Patterns

a. Expanded Square. This is one of the most common pat-
tern used by Auxiliarists; it is illustrated in Figure 4-
4, The Figure is

oriented to imply

that the heading r——ll-

of the first leg
is 000°; in fact

the first leg 538
should be ori-

ented in the di-

rection of drift, 3S
ie, downwind. If

the SMC has not s

relayed his cal-
culation of
drift, the SRU Bls 3is s 21s  a)s  sys
simply uses down-
wind as the di-
rection, as the
principal drift 28
component is usu-
ally Leeway. Ap-
pendix A contains 48
an EXPANDED
SQUARE WORKSHEET
(page A-11) that 6S
is useful in exe-
cuting an Expand-
ed Square pat- Figure 4-4 Expanded Square
tern. It includes
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the Track Spacing values given in Table 4-1 and shows
what speeds can be used so that the leg times are all in-
tegral minutes. Most Auxiliary vessels will not go slower
than about 5kt at idle throttle, so the only speed that
is useful for a 0.1NM Track Spacing is 6kt. At a Track
Spacing of O0.1NM it takes a long time to search 144NMZ?;
ten legs cover only a quarter of a square mile, and take
almost a half hour.

START FIRST SEARCH 6 ::::ESECOND

Figure 4-5 Sector Pattern

b. Sector Search Pattern. This pattern is used when datum
is established within close limits, when the area to be
searched is not extensive, and the drift time is short.
Figure 4-5 illustrates the pattern, and page A-12 is a
SECTOR WORKSHEET that is often useful. By definition,
Track Spacing is not applicable since the legs are not
parallel; but when S is required in a calculation it is
taken as %R. Since several legs pass through datum, a
Datum Marker Buoy (DMB) of some sort should be used; this
allows each leg that crosses datum to be adjusted for SRU
leeway. The lower limit for the radius is 0.5NM which
gives an equivalent Track Spacing of about 0.25NM. The
SECTOR WORKSHEET assumes the Commence Search Point (CSP)
is at Datum, but the patterns in Figure 4-5 assume a CSP
that will cause the SRU to cross Datum after one leg.
This is obviously more efficient but is not a general
enough practice, by the Auxiliary, for a worksheet to be
specialized. Figure 4-5 also shows the path of a second
search; the legs are rotated 30° to the right of the legs
in the first search.
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c. Trackline patterns (first letter designation "T") are

used when the intended route of the target is known. A
route search is usually the first search action in an
overdue incident since it is assumed that the target is
near the track. The Trackline pattern is used for a rapid
and reasonably thorough search of the missing craft’s
proposed track and the area immediately adjacent to it.
The four versions shown in Figures 4-6, 7, 8 and 9 differ
only in the number of SRUs and whether the pattern is
non-return or return, ie, third letter N or R.

d. Parallel patterns (first letter designation "P") are
used to search rectangular areas and have "legs" aligned
parallel to the major axis. These patterns are used when
only approximate initial position is known, and when
uniform coverage is desired. Since these patterns have
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Figure 4-9 TMN Pattern

the longest legs and the fewest turns they are used ex-
tensively when the SRU is a fixed wing aircraft and the
search area is in the open ocean. Two versions of the
parallel pattern are shown in Figures 4-10 and 4-11.

The multi-unit version is often appropriate for near-
shore searches for an object such as a PIW. Several boats
can search line-abreast with close spacing; this reduces
the navigation error in the coverage since the spac-
ing=visually maintained-can be less than the navigation
accuracy of the individual SRUs. Another use of a multi-
unit pattern is a circumstance like the following. Sup-
pose that because of time constraints the SMC divides the
Search Area into two equal-sized sub-areas with a SRU
assigned to each. If one SRU loses its navigation capa-
bility the SMC can order the SRUs to combine their as-
signed search areas and search in a multi-unit mode. This
results in the same coverage factor, and the same Time-
for-Search, and saves having to find and dispatch a
replacement SRU for the one that develops navigation
difficulty.
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Figure 4-10 PS Pattern

e. Creeping Line patterns (first letter designation "C")
are rectangular patterns with the direction of creep
along the major axis, as illustrated in Figure 4-12. They
are used when the SMC decides to cover one end of the
area first, or to use an aircraft and vessel for a coor-
dinated search. A "coordinated" search-designated CSC-is
a pattern run so that the advance of the aircraft on each
of its Creeping Line legs causes the aircraft to pass
directly over the vessel, which steams along in the
direction of creep in the middle of the search area. The
result is a more accurate pattern, and enables quick res-
cue once the object is sighted. Appendix D elaborates on
the CSC pattern and gives tables of vessel/aircraft
speeds that assist coordination.

Drift during Search. If the Search Object and the SRU are
both in motion it may be necessary to consider their
relative motion, especially in high-current areas. Fai-
lure to account for target motion may result in the
target drifting out of the search area before the search
is completed. Even if the target remains in the search
area, the pattern relative to the target may be so dis-

4-14



CSP

)

Figure 4-11 PM Pattern

torted that POD is greatly reduced. There are three
different circumstances when drift is a consideration.

a. Barrier Search. If the incident occurs in a location
with substantial current, eg, a river or a tidal channel,
the best search pattern may be a barrier established
downstream of the incident, with the SRU patrolling
across the current. The SRU can use landmarks on either
side of the channel to maintain a constant CMG and let
the current bring the target to the SRU.

b. Distorted Pattern Search. The SMC may plan for the
search pattern to become distorted due to current and/or
leeway experienced by the SRU. In this case the SMC
directs the SRU to perform the assigned pattern by DR,
and the CMG is distorted by the effects of current and
leeway. This is a reasonable procedure if the SMC thinks
that the SRU will experience the same external forces as
the target.

c. Ground Track Pattern. If directed to do so by the SMC,
the SRU can run the assigned pattern in such a way that
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Figure 4-12 CCS Pattern

the result is a ground track pattern. The SRU navigates
by DR taking into account the anticipated current and
compensating for leeway experienced on each leg. This
method is not very accurate but the results are better
than if the current and leeway are ignored. The best way
to follow an assigned ground track is to use an elec-
tronic navigation aid such as LORAN, RADAR or GPS. Any of
the patterns can be run as a ground track pattern by
navigating using position sensors that are independent of
local conditions.

6. SRU Leeway. Auxiliary vessels are designed primarily as
pleasure craft, and have a much larger ratio of above-
water to below-water area than do Coast Guard boats. As a
consequence, the leeway experienced by Auxiliary facili-
ties is much greater than the leeway experienced by Coast
Guard boats. The effect of wind on a vessel is 1) to
require a change in RPM to maintain planned speed, and 2)
to require a course change to correct for leeway. The
calculation of RPM demand as a function of relative wind
depends on engine, propeller and hull characteristics
that are unique to each type of Facility. It is not,
however, difficult to calculate, in a general way that
applies to all boats, the course angle change necessary
to correct for leeway. Table 4-5 is a table of Heading
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Changes (in degrees) for different relative wind headings
and speed. To prepare a table for a particular boat
multiply all of the heading-change numbers in Table 4-5
by the specializing formula:

6 ,A

F=— 2

In this equation, Vp is the search speed (in knots) for
which the table is being made, Aa is the side view aresa
(in ft2) above the waterline, and Aw is the side view
area {(in ft?) below the waterline. The numbers in the
Table aren’t very substantial, but when multiplied by the
specializing factor, and rounded to the nearest degree,
can become very important. Each number in Table 4-5 is
multiplied by F, ie, F has to be calculated only once.

The Flag Angle is the "tell-tail" angle relative to the
keel; astern is 0°. The heading change is made into the
relative wind; wind speed is measured by a hand-held or
mast-mounted anemometer.

Leeway can be quite large. For instance a relatively
heavy displacement boat such as a Grand Banks 42, experi-
ences 9° of leeway in a 20kt beam wind. Light boats
experience more leeway. So for local winds greater than
about 10kt, failure to correct for leeway modifies the
search pattern substantially.



HEADING CHANGE INTO WIND - DEGREES

FLAG ANGLE

0 15 30 45 60 90 120 135 150 165 180
Wind ————=—-- - e
0.0 .0 .0 .0 .0 0 0 .0 0 .0 .0 .0
1.0 .0 .1 .2 .2 3 3 .3 .2 .2 .1 .0
2.0 .0 .2 .3 .b 6 7 .6 5 .3 .2 .0
3.0 .0 .3 .5 .7 9 1.0 9 7 .5 .3 .0
4.0 .0 .3 .7 1.0 1.2 1.4 1.2 1.0 .7 .3 .0
5.0 .0 .4 .8 1.2 1.5 1.7 1.5 1.2 .8 .4 .0
7.0 .0 .6 1.2 1.7 2.0 2.4 2.0 1.7 1.2 .6 .0
9.0 .0 .8 1.52.1 2.6 3.0 2.6 2.1 1.5 .8 .0
11.0 .0 1.01.,9 2.6 3.2 3.7 3.2 2.6 1.9 1.0 .0
13.0 .0 1.1 2.2 3.1 3.8 4.4 3.8 3.1 2.2 1.1 .0
15.0 .0 1.3 2.5 3.6 4.4 5.1 4.4 3.6 2.5 1.3 .0
17.0 .0 1.5 2.94.1 5.0 5.7 5.0 4.1 2.9 1.5 .0
19.0 .0 1.7 3.2 4.5 5.6 6.4 5.6 4.5 3.2 1.7 .0
21.0 .0 1.8 3.5 5.0 6.1 7.1 6.1 5.0 3.5 1.8 .0

Table 4-5 SRU Leeway Correction




REVIEW QUESTIONS

1. What is the goal of Search Operations Planning?

2. Define Track Spacing.

3. What is the "standard" Track Spacing for a Coastal First
Search under Good Conditions for an Object >15ft long?

4. What is the "standard" Track Spacing for a Coastal First
Search for an Object >15ft if the Wind is 12kt and the seas
are >3ft?

5. What is the "standard"” Track Spacing for a PIW?

6. What 1s the "standard" Track Spacing for a Coastal First
Search for an Object >15ft if the Wind is 18kt and the seas
are <3ft?

7. What is the formula that relates Velocity of the SRU, S, and
Time on Search, to Area Covered?

8. If S is halved what happens to A7

9. If A and S stay the same but V is increased 20 times what
happens to T?

10. How much area can a boat SRU cover in remaining daylight of 4

hours at a speed of Skt using a track spacing of 1INM?




11. How long will it take a SRU searching at 8.5kt using a S of
INM to cover 120NM27?

12. Define Sweep Width?

13. What is the difference between Uncorrected Visual Sweep Width
and Corrected Sweep Width?

14. What are the Factors used to "correct" Uncorrected Visual
Sweep Width?

15. Why are these Factors not used to correct Radar Sweep Width?

16. What is the difference between the Probability of Detection
and Sweep Width?

17. What is the equation that relates Coverage Factor to Track
Spacing and Sweep Width?

18. For a Coastal First Search, Aux Vessel SRU, Fresh Crew, what

is the Track Spacing, Probability of Detection, and Time to
search an area of 120NM2 at a search speed of 10kt for the
following:

a. Target 14’ outboard.
Winds 12kt.
Seas 2ft.
Visibility 5HNM.




b. Target 14’ outboard.
Winds 16kt.
Seas 3ft.
Visibility 5NM.

19. If a SRU is dispatched on a Coastal First Search and gets to
the LKP (8 miles offshore) and is unable to see the Target,
and has had no specific instructions from the SMC what should
the Coxswain do?

20. In what direction should the first leg of an Expanded Square
pattern be run?

21. What does CSP stand for, and how is it used?

22. Define Search Leg, Cross Leg, and Creep.

23. Describe four methods of specifying Search Area.

24. Describe the TSR pattern and when might it be the most appro-
priate pattern.

25. Searching for a PIW several SRUs travel line abreast 200 yds
apart with one SRU doing all of the navigation. What is this
pattern called?

26. Which patterns can be run with a LORAN reference?




27. Why is leeway of the SRU important?

28. What is the Heading Change to compensate for leeway for a
boat with A,=220ft2, an Aw=90ft2, at a searching speed of 8kt
in a relative wind of 15kt with a flag angle of 45°7?

29, What is the Heading Change to compensate for leeway for a
boat with A;=240ft2, an Aw=95ft2, at a searching speed of Tkt
in a relative wind of 13kt with a flag angle of 120°7?

30. When there are several SRUs on scene to whom do they report?

31. What happens to the SMC assignment if a SRU, reporting to a
Station, gets to the LKP and does not find the Object?

32. If the Search Area is 144NM2, the Track Spacing is 0.5NM, and
the SRU Speed is 10kt, how many SRUs does the SMC need if he
needs to complete the search in 6 hours?

33. If an Auxiliary SRU completes his assigned search area, which
is part of a larger search area, to whom does he report?

34, Is an Auxiliary Facility ever likely to be assigned O0SC?

Why?

35, What is the Corrected Sweep Width for a 32’CC, in 20kt Wind,
with Visibility 10NM, for a Tired SRU Crew?

36. What is the Corrected Sweep Width for a 10-person Raft, in

18kt Wind, with Visibility 5NM, for a fresh SRU Crew?




37.

Use the Expanding Square Worksheet. If S=1NM, Speed is 10kt,
and Start is at 1430, at what clock time does the 5th leg
commence? the 8th leg commence?

38.

Use the Sector Worksheet. 1If R=2NM, Speed is 12kt, and Start
at Datum is 1150, at what clock time does the 4th leg com-
mence? at what clock time does the SRU pass through Datum
after the 5th leg?

39.

For a rectangular Search Area when is a CS pattern used
instead of a PS pattern?
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CHAPTER 5. TOWING

Introduction. Every year the Coast Guard Auxiliary tows
thousands of vessels, and by far the majority of cases are
"non-emergency". Often, however, it is not known in advance
that the case is non-emergency, and in some situations the
case can become an emergency unless towing assistance is
given. Being able to tow is, therefore, an important skill of
an Auxiliarist doing SAR duty. Among Auxiliarists who enjoy
Operations, a successful tow is the "raison d’etre" for all
the training, practice, qualifying, expense, work and boredom
associated with Safety Patrols.

All towing, by Auxiliary vessels under orders, is undertaken
only on approval of the cognizant Coast Guard Command. An
Auxiliary vessel under orders is not, repeat NOT, a good
samaritan; the Facility i1s a United States Government vessel
operating within the bounds of an organized command struc-
ture. In an assist, the only initiative left to the discre-
tion of the Auxiliary Coxswailn is SAFETY — SAFETY for the the
Auxiliary vessel and its crew, and SAFETY for the crew,
passengers, and vessel being assisted. All other decisions
are made by the command organization, the very tail end of
which is the Auxiliary Coxswain. (There is a partial excep-
t.ion to this statement; see CG Policy statement on page 2-5
regarding "targets of opportunity" discovered by the Auxilia-
ry).

Almost everything done during a tow is potentially hazardous;
a successful tow 1s one during which no damage is done to the
engine(s) of the towing vessel, and nothing breaks. Both of
these aspects are addressed in this Chapter. Tow forces are
so sensitive to boat waterline length (Lw) and displacement
that it is necessary to divide this chapter into two parts:
paragraphs through §J deal mostly with Auxiliary facilities
with Lw at least 30ft; 8K covers the modifications necessary
to account for Auxiliary facilities with Lw<30ft.

There are three distinctively different forces operating in
every towing evolution: Acceleration Forces, Steady Forces,
and Shock Forces.

1. Acceleration Forces are those involved in getting the
towed vessel started from a dead-in-the-water position;
they depend almost entirely on the skill of the Coxswain,
and are not easily quantified. The main caution is "start
very slowly", have the towing vessel out of gear at the
instant the towline becomes taut, and engage gears just
as the towline slackens and the towed boat begins to
move. These forces are not discussed further in this text




as there is no reason they should become the
limiting factor in a towing situation.

2. Steady Forces are those that are necessary to pull the
towed vessel through smooth water at a constant speed.
They depend entirely on the characteristics of the towed
vessel, and are independent of the characteristics of the
towing vessel, tow hawser, and sea state. This Chapter
addresses the problem of estimating the Steady Force by
eyeballing the vessel to be towed, and controlling the
engine(s) of the towing boat so no damage is done to
them.

3. Shock Forces are those caused by the sea state, 1e, wave
action. They depend on the characteristics of the towed
vessel, the towing vessel, the tow hawser, and the sea
state. All of these parameters are addressed in this
Chapter.

4, Tow Planning. The analysis that follows culminates in a
get of Tow Planning Forms which the Auxiliary Coxswailn
can use to determine-approximately-the risk of a tow when
the combination of Steadyv Force and Shock Force-induced
by an adverse sea state-approach a hazardous limit. Exam-
ine the typtecal Tow Planning Worksheet on the facing page
and note that there are four elements to it: the Size (as
measured by waterline length) of the Auxiliary Vessel;
the Maximum RPM the vessel can use without overstressing
the engines; the Steady Force that results from the towed
vesse]l characteristices; and the Shock Force that results
from the sea state. The final calculation on the Tow
Planning Form is labeled MAYIMUM PEAK FORCE (an INSTANTA-
NEOUS Force), and it is this number that is important to
the Coxswain. Its precise value is not particularly sig-
nificant; as a first cut the Coxswain wants tc know that
this number is less than 1500 pounds, for a vessel whose
waterline length is 230ft, or less than 850 pounds for a
small vessel whose waterline length is <30ft. Where these
limits come from is discussed later in this chapter; in
addition they are reasonable limits to assign to a typi-
cal vessel being assisted. 1f the first cut produces a
MAXIMUM PEAL FORCE that is significantly less than the
LIMIT the tow is probably safe. It is only when the
MANIMUM PEAK FORCE is near {over or under) the LIMIT that
the (Coxswain should refine the analysis and consider some
techniques that will reduce the MANIMUM PFAK FORCE.

Towing Vessel Performance. Few Auxiliary vessels are designed
for towing; they are propped to handle only their own weight,
and they do not have a tow post midships and forward of the

propeller{s) and rudder(s). Each of these deficiencies puts a
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TOW PLANNING WORKSHEET

35 FOOT (10.3 tons) AUXILIARY FACILITY

AUX Faclilty Actual Disp. tons
Max Cont Cruise RPM  Speed __ knots Slip %
Towiine Type Towline Length foet
TOW Speed knots
Max RPM while towing
TOWED VESSEL
Type __~ Watedinelength __ feet TOW Speed __ knots
Steady Force [1] pounds
SEA STATE
Average Period ___ seconds Standard Shock Force[2] .~ pounds
SUMMARY
Standard ShockForce[2] _ pounds
Double Braid 1.6xJ2] =[8] .. " (useonlyif applicable)
Heading ___ x[3]=[4] - "
Adjusted Shock Force [4] pounds
Steady Force [1] pounds
Maximum Peak Force [1] +[4] pounds

LIMIT 1500 pounds



propeller(s) and rudder(s). Each of these deficiencies puts a
limitation on the performance of the towing vessel. It is
especially important not to overlook the limitations placed
on the towing vessel because of the extra load put on its
engines. Overloading an engine does serious damage and re-
quires a major overhaul to restore performance.

1.

Engine Load. For inboard gasoline or diesel engines (non-
supercharged), there are two limitations for optimum life
in use: the maximum continuous RPM, and the maximum
continuous torque. For gasoline engines the continuous
duty rating is 75% of the redline RPM, or 75% of the
rated maximum torque, whichever occurs first. If the
vessel is towing, the 75% of maximum torque limit is
reached well before the 75% of maximum RPM limit. If,
while towing, a vessel engine is run up to 756% of maximum
RPM, the engine is seriously overloaded!

Most boat manufacturers select the propeller pitch to
give maximum speed at redline RPM-when the boat is new.
But when it is loaded with fuel, gear and crew, the maxi-
mum attainable RPM is likely to be less than redline.
Within this text, redline RPM means maximum RPM that can
be achieved under the existing load conditions (but
before the tow is connected).

Torque is more difficult to measure. An intake manifold
vacuum gauge on a gasoline engine gives a reading that is
related to the engine torque. When the engine is not
running the gauge reads 0; when the engine is idling
under no load, the gauge reads between 18 and 21 inches
(mercury equivalent) vacuum; as the engine is engaged and
the throttle opened, the gauge reading becomes less. A
reading of 7 inches corresponds to 75% maximum torque for
most engines. There is no comparable measure of torque
for diesel engines; exhaust pyrometers can be calibrated
for torque but are installation peculiar and a general
statement is not possible. For diesel engines with a
"yacht rating", manufacturers state that the engines may
be run continuously at 90% of the maximum RPM that can be
obtained under the existing conditions.

Load Limits. There are several methods of determining an
RPM that does not overload the engine{s) of the towing
vessel.

a. For gasoline engines with vacuum gauges, never run
with less than 7 inches of vacuum, or with an RPM greater
than 75% of redline RPM. For diesel engines with cali-
brated exhaust pyrometers, do not run at an RPM that
causes a higher pyrometer reading than that represented
by the continuous torque rating.
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b. If the towing vessel is a twin, and has a knotmeter,
find the maximum speed with the tow while towing on one
engine for a short period of time. Maintain no greater
than that speed with both engines, and keep them in sync.

c. Measure the Slip at maximum continuous cruise speed
(without a tow), using the formula below. Use Table 5-1
to determine the maximum RPM (as a fraction of cruising
RPM) as a function of Cruising Slip, and the Ratio of
Towing Speed, Vi, to Cruising Speed V¢. Use of Table 5-1
is an elegant method of assuring that the towing vessel
gasoline engines are not overloaded, as it compensates
for any unusual stress experienced during the tow. For

1215 x V_x ReductionGearRatio
RPM x Pitch(inches)

Slip=1-

example, a vessel with a slip of 30% at cruise speed, can
tow any size vessel at 55% of continuous cruise RPM. At
that RPM the towing vessel is using 75% of the maximum
torque even if the towed vessel is not moving at all, ie,
the towing vessel is tied to a piling! As the towed
vessel begins to move, the towing vessel can increase its
RPM to a larger fraction of cruising RPM depending on the
ratio of the towing speed to cruising speed.

Slip at Maximum Continuous Cruise

Vi /Vc .15 .20 .25 .30 .35 .40 .45
.0 .39 .45 .50 .55 .59 .63 .67
.1 .43 .49 .54 .58 .63 .66 .70
.2 .48 .53 .08 .62 .66 .70 .73
.3 .54 .58 .63 .66 .70 .73 .76
.4 .59 .63 .67 71 .74 .76 .79
.5 .65 .69 .72 .75 .78 .80 .82
.6 .72 .75 7T .80 .82 .84 .86
.7 .79 .81 .83 .85 .86 .88 .89
.8 .86 .87 .88 .90 .91 .92 .93
.9 .93 .93 .94 .95 .95 .96 .96
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Table 5-1 Allowable Fraction of Max Cruise RPM - Towing



The maximum RPM that will not overload the towing vessel
engine(s) may make the tow go too fast; the Coxswain can
only use the maximum RPM if the result is a tow speed
slower than for a Speed/Length ratio of 1.0 for the towed
boat. (See Appendix E, page E-10 for a derivation of
Table 5-1).

d. The problem of overstressed engines seems to be par-
ticularly prevalent with I/0 and outboard drives, either
single or twin. There is a simple solution for this class
of boat; since the drive can be lifted, the props can be
changed easily (before the patrol leaves the dock). A set
of props with 1/2 the pitch of regular props permits
using much more of the power of the engine and essential-
ly eliminates the possibility of engine overstressing
{although the boat goes slower at 75% red-line RPM en-
route to the distress). (Two-stroke outboards do not have
valves and can, apparently, be run full throttle regard-
less of the load as long as there is adequate intake
cooling water).

Load Distribution.
Auxiliary vessels
generally have two
cleats symmetrically
separated at the
stern instead of a
tow post midships
and forward of the
rudder(s). Conse-
quently it is often
desirable, and some-
times essential, to
reduce the torque
that exists if the
tow is from a single
cleat, by dividing Figure 5-2 Bridle Device

the load between the

two cleats. Without

a bridle the towing vessel may have difficulty in direc-
tional control. Single screw power vessels are often more
sensitive to off-center pull than are twin screw vessels,
although single screw vessels usually have much larger
rudders. If the load of the towed vessel is such that a
bridle is necessary it can be made in a variety of ways.
One is illustrated in Figure 5-2. The distance from the
cleat to the contact point on the sheave is 0.58 the dis-
tance between the stern cleats, and the sheave is large
enough to accommodate the largest tow hawser. This con-
figuration assures that the angles between the towline
and the two legs of the bridle are each 120°. This form
of bridle makes shortening the towline very simple as all
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C.

of the length control is on one side. The Bridle Device
is made of dacron, or dacron/Kevlar, to prevent stretch;
all of the stretch occurs in the tow hawser. The sheave
prevents any chafe at the contact point. This arrangement
is satisfactory for loads-including shock loads-up to the
limit determined by the pin diameter of the block fit-
tings. For 1/4" stainless steel that limit is about 1500
1bs.

The Bridle Device does have one disadvantage; it puts a
side load on the stern cleats of the towing vessel. When
the load from the hawser is centered, the side load is
one-half the load in the hawser, and cleats should be
able to take that. However, if the side load must be
reduced, a bridle can be made by connecting a dock line
to the hawser with a rolling hitch and veering both lines
until the legs have reached the desired length. When this
arrangement is used, the length of the bridle is no more
than 3 times the separation of the cleats.

If the towing vessel is a sailboat it may be able to use
a single-leg towline rather than a bridle. If a bridle is
necessary it has to go around the backstay, and that com-
plicates the crew’s tasks. Sailboats have a high ratio of
lateral to longitudinal resistance (several times that of
a power boat) and relatively little leeway is introduced
by an asymmetrical load. A single leg towline is much
easier to control, as it can be "fastened" to a sheet
winch; shortening is simple, as is letting go in an
emergency.

Smooth Water Towing. It would seem, intuitively, that the
smoother the water the easier the towing. But that may not be
true depending on the hull shape of the towed boat. Since
there is no simple way to tell in advance by inspection of
the hull, the Coxswain must be prepared to experience queer
behavior by some boats being towed when they get to very
smooth water.

1. Stability. For powered vessels, propulsion forces are
normally introduced near the stern of the vessel. If the
propulsion force is placed forward, a mode of instabili-
ty, involving the hull and water, is introduced and is
not easy to remove. Only if the propulsion force is
placed sufficiently far behind the center of lateral
resistance is the instability mode not present, and a
simple rudder can control the direction of advance.

For a towed vessel the applied propulsion force is at the
bow. This fact alone introduces instability and the towed
vegssel does not track in calm water, even if the tow is
started in a straight line. The mechanism is as follows:
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the center of force opposing the tow is under the water,
but the towline attachment is on the bow, well above
waterline. The forefoot (the under-water part of the bow)
becomes an effective rudder, the angle of which is deter-
mined by the roll of the vessel. As seen from the towed
vessel, a roll to the right causes a sheer, or swerve, to
the left; and a roll to the left causes a swerve to the
right. Contrast this action to that of the vessel under
power; a roll to the right causes a swerve to the right,
and a roll to the left causes a swerve to the left. If
there is no roll, the vessel under tow tracks; as soon as
there is a small roil-from some movement on the vessel or
wave action-the vessel swerves. If the roll is oscillato-
ry, as it is if induced by chop, the direction oscillates
and may not be noticed.

The towline contributes substantially to the effect by
adding a component of force increasing the roll angle-and
thus the swerve-since the towline is attached well above
the below-waterline center of lateral resistance. If the
roll-righting moment of the towed vessel cannot overcome
the opposite torque of the towline, the towed vessel
continues to veer off. If unchecked, the towed vessel
comes abeam the towing vessel and is moving at a greater
speed (since it traveled further to get there). This is
potentially a dangerous situation ranging from merely the
breaking of the towline, the tearing loose of cleats, to
the capsizing of one or both the vessels. The instability
force increases dramatically as the towed vessel veers
off to one side.

Note: this has happened to tugs that have a high tow
post. When the towed vessel-usually a barge with no
rudder-is abeam, it wants to move away from the tug;
if the line is strong enough, and the towed vessel is
large enough, the tug capsizes. This action has the
name "girt"; tugboat captains describe it as being
"in irons".

Thus it follows that for small vessels, the more stable
condition overall is with some wind and chop. As the
water becomes calm, as in a harbor, the conditions become
ideal for the instability to develop and the tow to
become a candidate for an accident. The behavior of the
towed boat is counterintuitive; the tendency is to think
that on entering a harbor the major dangers have been
left on the ocean. Instead, towing might become more
difficult and require a different technique.

Stability Bridle. In order to control smooth-water insta-
bility a tow arrangement illustrated in Figure 5-3 is
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used. This type of bridle generates a restoring force
very quickly and, being short, prevents the towed boat
from going at high speed if it does swerve off line. The
ideal ratio of boat separation to cleat separation has
been determined experimentally to be 3; the two legs are
cleated to the distressed vessel. This tow arrangement
can also be used in the open seas when conditions permit;
it gives better control of the towed vessel than a bridle
and single leg towline.

Figure 5-3 Stability Bridle

Drogue. Streaming a drogue or sea anchor from the stern
of the towed boat greatly improves its stability. Howev-
er, this usually involves putting crew and equipment
aboard the towed boat, as very few pleasure craft carry a
drogue, or the POB know how to stream one.

Along-Side is an alternative way to control the towed
vessel in calm waters. However, if the configurations of
the towing and towed vessels make an along-side tow awk-
ward and limit maneuverability, the Stability Bridle is a
preferred technique. Maneuverability is enhanced and,
generally, docking the towed vessel is just as easy. In
general, an along-side tow should not be hooked up until
the towed vessel is in quiet water; a Stability Bridle
can be rigged before the tow reaches still water,

Trailer Attachment.

It is often desirable,
and sometimes neces-

sary, to tow trailer- “
able boats by the stem
pad eye; some manufac-
turers of trailerable
boats specify that
their boats are to be Figure 5-4 Skiff Hook
towed only by the stem

pad, not the forward
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cleats. A convenient way is to use a short piece of line
spliced to a "skiff" or "kicker" hook illustrated in
Figure 5-4. The carbine hook is held open by a bracket
mounted on a boat hook; as long as there is tension on
the line, the notch in the bracket holds open the snap on
the carbine hook. This method should not be attempted if
the seas are anything but moderate, and extreme care must
be taken when the Skiff Hook is detached. The carbine
hook must be forged steel rated 2000 pounds at least. The
last thing the Coxswain wants is for a tow force surge to
straighten out the hook thus releasing it and sending it
flying back toward the towing boat.

Personal Watercraft (PWC) can only be towed using the
trailer eye-~there is no other attachment point. The eye
is often underwater so attachment of the snap shackle
must be done by hand. Many PWCs don’t tow very well
unless the operator hangs off the back-in the water-and
uses his legs as a rudder.

Figure 5-5 Sailboat Bridle

Sailboats. If the towed vessel is a sailboat it may
present a problem of towline attachment. Sailboats over
25ft long usually have a forward cleat strong enough for
anchoring, and strong enough for towing. Smaller sail-
boats may not have a forward cleat and some other attach-
ment point is required. All sailboats have some means of
fastening jib sheets-usually winches-and these make ideal
attachment points since they are designed with the
strength to pull the boat through the water. Attaching to
the winches requires a long bridle, each leg about 3/4
the length of the sailboat. The bridle goes "outside
everything" (chafing gear is required if the bridle rubs
against the shrouds) and is connected to the single leg
towline a few feet ahead of the sailboat bow. Figure 5-5
illustrates the arrangement. If the towed sailboat is
small-20 ft or less-it can be towed by using the Skiff
Hook and fastening it to the forestay. A preventer line
may be necessary but all sailboats have a means of at-
taching the tack of the jib to the base of the forestay.
Only a very small force is required to tow a small sail-
boat at 3/4 hull speed.
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Steady Forces. The Steady Force to tow is determined only by
the characteristics of the towed vessel. The only character-
istics that the Coxswain can estimate with any certainty is
Waterline Length and Type. Appendix E is a tutorial on the
characteristics of boats that explains how it is possible to
eyeball a target and make a worse-case estimate of the steady
force required to tow at a Speed/Length ratio of 1.0. A
Speed/Length ratio of 1.0 is a speed in knots equal numeri-
cally to the square root of the water-line length in feet.

This is the maximum speed for which the tow forces-either
Steady or Shock~can be estimated with any confidence.

1. Eyeballing the Target. The curves in Figure 5-6 enable
the Coxswain to eyeball the distressed vessel and make a
worst case estimate of the Steady Force required to tow
at a Speed/Length ratio of 1.0. All that is required is
to decide if the vessel is a sailboat or a power cruiser,
and estimate the water-line length. Read the Steady Force
{in pounds) from the appropriate boat-type curve. If the
distressed vessel is very light the Steady Force might be
less than indicated by the curves and it might be possi-
ble to tow the vessel at a Speed/Length ratio greater
than 1.0, but there is no safe way to tell.

2. Steady Force vs Speed. The Steady Force varies almost
linearly with speed, ie, the Steady Force of a towed boat
travelling at a Speed-Length ratio of 0.5, is about 50%
of that at a Speed-Length ratio of 1.0. This is very
helpful in reducing the Total Peak Force if the combina-
tion of Steady Force and Shock Force exceeds 1500 pounds,
(or 850 pounds for small facilities).

3. Tow Planning Worksheet. Examine the Worksheet illustrated
on Page 5-3 and note the information required on the
Towed Vessel, ie, Type, and Waterline Length. The Cox-
swalin figures out the Tow Speed (the square rooct of the
Waterline Length) and reads the Steady Force from the
proper curve in Figure 5-6. This figure is replicated on
the back of the Tow Planning Worksheets.

4. Caveats. Often, the vessel requiring towing assistance is
disabled in a way that affects its towing characteris-
tics, eg, it may be partially flooded. In such cases the
estimate of steady force in Figure 5-6 is too low, and by
an unpredictable amount. The Coxswain must use extreme
caution when attempting to tow a boat that is partially
flooded, or that 1s disabled for any other reason that
changes its basic characteristics.

Towline, for facilities 230ft waterline length. The parame-
ters that determine the shock forces in a rough-water tow
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are: the displacement and length of the towed boat, the

displacement and length of the towing boat,
and the elasticity of the towline.

tant is the towline.

1. Attributes.

a. Strength. The line must be strong enough,

Of these,

the sea state,
the most impor-

even after

some ageing, to handle the maximum peak loads that are
experienced, without either breaking or becoming perma-
nently deformed. The Breaking Strength numbers given in
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Table 5-2 are for new line. ASTM standards suggest that
in line usage the maximum load should be no more than the
Minimum Tensile Strength divided by a Safety Factor. For
Nylon, the Minimum Tensile Strength is 80% of the Break-
ing Strength. Manufacturers recommend a Safety Factor of
between 5 and 12, depending on the degree of life-criti-
cal service.

b. Elasticity. The line must stretch enough to accommo-
date instantaneous velocity differences-between the
towing and towed boats-caused by the sea state. If the
line does not stretch, velocity differences translate
into enormous instantaneous shock forces,

c. Handling. The line must "feel good", be easy to splice
and repair, and resist hockleing and kinking.

d. Friction determines how many turns around a cleat are
necessary to absorb any given load; too little makes
cleating very difficult, and too much makes the line very
sensitive to chafe.

e. Durability. Line is expensive, so ideally it should
last a long time and not deteriorate from weathering,
ageing or use.

f. Cost. Initial cost is important, but the most expen-
sive line is often not the best, as other physical at-
tributes are more important.

Characteristics. Selection of a towline is always a
compromise. For Auxiliary vessels the compromise usually
takes the form of nylon for material, and double-braided
or three-strand twisted for constr6cetion. Small Auxiliary
vessels used in inland lakes and rivers may select sin-
gle-braided polypropylene or polyethylene, but these
materials should not be used when peak loads greater than
500 pounds can be experienced. Some of the characteris-
tics of 200ft lengths of four different types of line

are tabulated in Table 5-2. The lines are compared at two
different loads, 1500 and 4000 pounds; this is to demon-
strate how the line should behave when worked at the
planned PEAK MAXIMUM FORCE of 1500 pounds, and if worked
to the point where the instantaneous tension is 4000
pounds and the line breaks.

a. Strength. The numbers given are for average new line;
they are large enough that the line should not break at
4000 pounds, but the Safety Factor becomes uncomfortably
small. And, a knot, eye splice, or turn around a cleat
will break, or give way, at about one-half the breaking
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DB Tw Tw Braid
Nylon Nylon Nylon Poly
Strength - lbs 8,500 7,500 11,700 10,575

Characteristics at 1500 1bs Working Load

Stretch - ft 14 33 29 6.5
Stored Energy 7,800 14,600 13,900 4600
Gravity Drop - ft 26 16 27 51
Safety Factor 4.5 4.0 6.3

Characteristics at 4000 1bs Lcad

Stretch - ft 21 45 40 14
Stored Energy 28,100 44,100 41,400 26,300
Tip Velocity ft/sec 295 350 270 260
Gravity Drop - ft 7.1 5.1 9.0 9.5
Safety Factor 1.7 1.5 2.3

Table 5-2 Characteristics of 200 Foot Towline
Large Auxiliary Vessels

strength of the line itself. So there is a likelihood
that any one of the lines illustrated could break if
instantaneously loaded to 4000 pounds.

b. Elasticity. The amount of stretch is a measure of

elasticity, and it is apparent that Twisted Nylon line 1is
the most elastic, and therefore able to absorb the larg-

est shock load. For all but the most unusual cases, %"

three-strand twisted is the ideal towline for large
Auxiliary vessels, and %" three-strand twisted is the
ideal towline for smaller Auxiliary vessels. All of the

Shock Force calculations are based on the characteristics
of three-strand twisted line. Figure 5-7 illustrates the

effect of different elasticities for two lines. The two
curves illustrate how the TENSION (force) varies with
TIME as the towline absorbs the momentum transfer that

occurs when the two vessels are at different speeds. The
areas under the two curves are the same, indicating that

the total amount of energy transferred is the same. But
one line stretches much more than the other and takes
longer to transfer the energy. The curves are to scale
for lines of the same diameter and show that the Peak
Force with Twisted line is only two-thirds as great as
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Figure 5-7 Effects of Elasticity

as the Peak Force with Double Braided line for the same
energy transfer.

c. Handling. The "feel" of line is important for two rea-
sons; after all, the line is handled, spliced, knotted
and cleated, so it must be able to take this treatment.
Nylons come in various degrees of hardness, but for the
small lines used by the Auxiliary most nylon line is easy
to splice and knot. For double-braided Nylon a correct
(') eye-splice achieves 90% of the line strength; a
bowline 60%, and a sheet bend 55%. Numbers for 3-strand
twisted are about the same; however, twisted, being more
elastic, binds knots under load and makes releasing very
difficult. When kinked, double braid does not hockle
nearly as badly as 3-strand twisted. (Many of the boats
that the Auxiliary assists are <25ft long and have cleats
that will not accept line larger then %" in diameter, and
that presents a problem when a large facility tries to
tow a small vessel). Metal thimbles should never be used
with nylon; the stretch opens the throat at the thimble
which can tumble and cut the line.

d. Friction. Modern synthetic fibre has a low coefficient
of friction on polished metal or on itself. New nylon on
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polished stainless steel has a coefficient of about 0.15;
ageing, especially from salt water exposure, probably
doubles this figure. Therefore the tension required to
hold a load is reduced by from 42% to 80% per turn de-
pending on the age of the line. A tow hawser must never
be connected on the towing vessel with a half hitch; that
makes an emergency disconnect impossible except by cut-
ting the line. For nylon, a turn around a cleat plus a
turn around each horn reduces the load enough so that it
can be held by hand. The poly line materials have a very
low coefficient of friction-about .07-and cannot be
cleated to handle large loads, but are very satisfactory
for small Auxiliary vessels when the load is substantial-
ly less than the LIMIT of 850 pounds.

e. Durability. The synthetic fibers are very durable,
resist exposure to sun and weather, and do not rot. How-
ever they are susceptible to chafe; friction-necessary to
make cleating and knots hold-melts the strands and reduc-
es the strength. Therefore chafing gear must be used
wherever synthetic line contacts metal. An area often
overlooked is the eye splice or bowline connected to the
towed vessel. Chafing gear should be fastened to the line
so that the chafing gear rubs on the metal, not the line.
Duct tape, sail tape, canvas, or a piece of rubber tubing
is satisfactory with most lines, but the most elegant
treatment for a three-strand twisted eye-splice is worm,
parcel and serve.

f. Cost. The real question is whether to use double braid
or three-strand twisted. Double braid is about 50% more
expensive than twisted, so twisted is substantially more
cost effective.

g. Stored Energy and Gravity Drop. Table 5-2 shows the
stored energy, in foot-pounds, for the various lines when
loaded to 1500 and 4000 pounds. This number will not mean
very much to most Auxiliary Coxswains; it is a measure of
the damage the line can cause if it breaks. If the line
breaks it will usually do so at one end where a connec-
tion is made. The important number is the Gravity Drop,
ie, the amount the broken end of the line drops before it
reaches the other end. Note that the gravity drop is
substantial for 1500 pounds, and even for 4000 pounds is
larger than the freeboard on most vessels (provided the
line is 200ft long). The tow should always be arranged so
that the gravity drop is sufficient for the line to fall
harmlessly in the water and not cut some crew member in
half.



h. Tip Velocity. The numbers indicate that in the event
of a break there is no time to duck. To put the numbers
in perspective, 60 miles-per-hour is only 88 feet-per-
second!

Sea State. Estimating the shock force caused by the sea state
is a very complicated subject. There is no easy way to define
the sea state; just about the only evidence available to the
Coxswain is the Appearance and the Period of the waves he
experiences en route to an assist. There are two classes of
sea state that can be distinguished by the Appearance of the
waves: Swells caused by a distant storm, and Wind Waves
driven by a local wind. While the Pacific is characterized by
long swells, the Atlantic has shortened periodic waves and a
steep chop. 1t is important therefore for the Coxswain to
decide if he should treat the waves as a swell or as wind-
driven. Swells-at least the important ones-will have an Aver-
age Period greater than 7 seconds; Wind Waves will have an
Average Period less than 7 seconds.

1. Swells. In many areas where Auxiliarists operate, es-
pecially on the West Coast, distant storms cause large
regular waves outside the area where they are created.
When they get in shallow water (water depth = swell wave-
length) they lose their ideal sinusoidal shape and break,
much to the delight of surfers. It is not at all unusual
for these swells to have a wave length of several hundred
feet and to travel at >25kt. (Swells traveling at speeds
much less than 25kt dissipate quickly and do not travel
far outside the area where they are generated.) Until
they reach depths comparable to their wave lengths they
are gentle and hardly noticeable to a boat. But when
there is a tow the situation is quite different, as the
two boats are seldom on the same phase of the swells.
Going down-swell a boat gets a "push"” at the top and a
"pull” at the bottom. The amount, called the Wave Effect,
is given by

Wh
c=1.86 -2
Wi

where C is in knots, Ws is the swell height in feet, and
Wi is the wave interval in seconds. For example, a 6ft
swell travelling at 30kt has an instantaneous current of
1.1kt in the direction of the swell at the top, and a
current of 1.1kt in the opposite direction at the bottom.
Thus if the towing boat is on the top when the towed boat
is on the bottom, they experience a velocity difference
of 2.2kt. For this example the wave interval is 10 sec-
onds and the wave length is 500 feet; a 200ft towline
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places the boats almost at the worst possible relative
position, a half wavelength apart. It is obviously impos-
sible to "keep the boats in step"; that would require a
towline 500 feet long!

The situation is further complicated by the slope of the
swell that makes the boat go uphill or downhill depending
on where it is on the swell. The Gravity Effect can be as
large as the Wave Effect, but since the two are 90° out
of phase the Gravity Effect does not change the peak
force.

The solution to towing in swells is to use a very short
towline. If the two boats can stay closer than a fraction
of the swell wavelength they will be on the same phase of
the swell and will experience very little shock. The
bridle arrangement shown in Figure 5-3 is ideal for this
kind of situation.

2500
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500 g

3 4 5 6 7 8

Wave Period Seconds

Figure 5-8 Peak Shock Force vs Average Period
35 foot Auxiliary Vessel

2. Wind Waves. Waves generated by a local wind have a tro-
choidal shape. Whereas the spectrum (the range of wave-
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lengths and periods) of Swells is very narrow, the spec-
trum of Wind Waves is very broad. The large range of
wavelengths and periods is the reason it is impossible to
select a towline length that will keep the towing and
towed boats "in step". No matter how the towline is
adjusted there will be times when the two boats are on
opposite phases of the wave system. Consequently Wind
Waves must be analyzed statistically. Appendix E has a
brief tutorial on the statistics of Wind Waves.

What the Coxswain needs is a way to estimate the Shock
Force he might encounter using the data he can measure.
About the only thing he can measure is the Average Peri-
od. Figure 5-8 is a graph that relates Shock Force to

T
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Figure 5-9 Relative Wind Direction Factor

the Average Period of the Wind Waves. Since the Shock
Force is sensitive to both displacement and length, there
must be six different sets of curves like those shown in
Figure 5-8, one for each of six different length Facili-
ty. The five curves shown in Figure 5-8 are for five
different length towed vessel, reading from the bottom up
for a 30ft, 35ft, 40ft, 45ft and H50ft vessel. Appendix A
has Tow Planning Worksheets specialized for a 20ft, 25ft,
30ft, 3b6ft, 40ft, and 45ft facility. The curves involve a
complicated calculation of the towline characteristics
and Wind Wave statistics. The Shock Force curves included
on the back of the Tow Planning Worksheets are special-
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G.

ized for each length vessel, are based on the highest 10%
of the wind waves that generate the Average Period shown,
and assume a 200ft three-strand twisted towline for large
Auxiliary vessels and a 100ft three-strand twisted tow-
line for small Auxiliary vessels. (The difference between
%" and %" three-strand twisted is less than the accuracy
of the other calculations, so no distinction is made
between the two diameters for large Auxiliary vessels).

3. Heading Correction. The Shock Force curves assume the tow
is proceeding in the direction of the wind, either up-
wind or down-wind. The Shock Force is probably greater
up-wind than down-wind; the calculation ignores this
because it is so highly dependent on the configuration of
the towed and towing boats. However, the Shock Force is
ameliorated if the tow tacks at least 45°. Smaller angles
don’t accomplish much because the wind waves spread about
+30° from the wind direction. Figure 5-9 shows the cor-
rection factor to be applied to the Shock Force as the
tow diverges from parallel to the wind direction.

4. Wind Wave Summary. We now have all of the information
required to estimate the Standard Shock Force for entry
into the Tow Planning Worksheet. En route to the Dis-
tress, the Coxswain counts the wave crests that pass his
boat for about 5 minutes. Ideally he should do this by
station keeping at a fixed location; the 5 minutes lost
is not of any consequence if the assist is non-emergency.
But if he is skilled he can do a satisfactory job while
continuing to the assist. When he gets to the other boat
he estimates the Waterline Length and establishes the
Type. From Figure 5-6 (all of the Figures he needs are on
the back side of the Tow Planning Worksheet) he reads the
data on Steady Force and enters this information on the
Tow Planning Worksheet. From Figure 5-8 (or the equiva-
lent for other length facilities) he reads the Standard
Shock Force for the Average Period of waves he has expe-
rienced and for the Lw of the distressed vessel, and
enters this information on the Tow Planning Worksheet.
The Coxswain is now in a position to select the Tow
Course relative to the wind if the Maximum Peak Force 1is
near the Limit. He can make these last adjustments as the
tow gets underway, slowly.

Tow Planning Worksheet. The Tow Planning Worksheets are
designed to be specialized for a particular Auxiliary vessel,
and then reproduced and carried aboard the vessel while on
patrol. Follow the ILLUSTRATION step-by-step to generate the
Tow Planning Worksheet for Auxiliary Vessel SeaScape.
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1. The tow planning worksheet most appropriate for SeaScape
is the 30ft form. Using the formula on page 5-5, the
Slip is computed and found to be 0.35. The statistical
data is filled in at the top of the Worksheet (see Figure
5-10).

FACILITY SPECIALIZATION ILLUSTRATION

Name : SeaScape

“Waterline Length e 28 feet

Displacement 6.0 tons

Power . » . twin gasoline o
Props : : 24" Diameter by 22" Pitch
Gear Reduction 2:1 ‘ :
Continuous Cruise 18 knots @ 3000 RPM v
Towline 300 feet W' 3-Strand Nylon

2. The TOW-Speed-Knots/Max-RPM-while-Towing table is comput-
ed. There are eleven sets of data with the intervals
being 10% of the Maximum Continuous Cruise Speed, ie, 18
knots. The first column is for zero towing speed, eg,
trying to tow an anchored boat; the last column is Con-
tinuous Cruising Speed, ie, 18 knots; and the columns in
between are in 10% steps of Speed, ie, 1.8 knots, 3.6
knots, etc.

3. The second row of numbers are generated by multiplying

3000=the Continuous Cruise RPM=by the eleven numbers (one
for each value of the allowable fraction of Cruising RPM)
in the 0.35 slip column of Table 5-1. The second row is
therefore the Maximum RPM that will cause no engine
damage when towing at a speed of Vi shown in the corre-
sponding column in the first row.

Worksheet Use Illustration. After the Worksheet is special-
ized for a particular facility, working copies can then be
used for actual operations. To illustrate how, an artificial
scenario is used.

1.

The statistical information, ie, the fact that the TOWED
VESSEL is a Cabin Cruiser and is 38 feet long, is entered
in the appropriate spaces. The Tow Speed is simply the
square root of 38, the waterline length in feet. (Taking
the square root is not as complicated as it sounds. We
only want to know the Tow Speed to the nearest knot, so
remember 42 is 16; b2 is 25; 62 is 36; and 72 is 49, and
pick the nearest number.) The Steady Force is 310 pounds
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’";:Tow PLANNING ILLUSTRATION SCENARIO

'Dlstressed Vessel

o Type oo S Cabln Crulser B ~ *~j
 Waterlinme Length 38 feet

Sea State S ' - -
' 58 crests pass in’ exactly 5 mlnutes

Safe Harbor B 30”.Off'dOWHWLnd

for a 38ft Power Beoat as read from the Steady Force vs Lw
curves on the back side of the Worksheet.

The SCENARIO indicates that 58 crests pass in exactly 5
minutes, so the Average Period is 5.2 Seconds (5 x 60 +
58 = 5.2). For a 40ft towed vessel the Shock Force is 500
pounds, as read from the Shock Force vs Average Period
curves on the back side of the Worksheet. The Shock Force
vs Average Period graphs are different for each length
Auxiliary vessel; the other graphs are identical on all
Worksheets. At an Average Period of 5.2 Seconds the
curves bunch up and one can’t be distinguish from anoth-
er. Not to worry; since they bunch up any one will do.
The sensitivity to towed boat length only shows up at the
higher Average Periods, ie, in the worst seas.

The SUMMARY section can now be completed. Since it ap-
pears that the Maximum Peak Force is going to be com-
fortably below 1500 lbs, the Coxswain decides to use only
200ft of the towline and not all of the 300ft he has on
board. The "tack" of 30° happens because that is the
direction to the nearest safe harbor; it doesn’t reduce
the Shock Force very much, but probably does ease the
ride. The Coxswain must refrain from running at greater
than 2150 RPM; if he does he will cause permanent valve
damage to his engines. Incidentally, the Vessel has twin
engines and the engines must be kept in sync; a "beat" of
only once per second is equivalent to 60 RPM and that
makes one engine work much harder than the other.

The Worksheet has "bullets"” (numbers inside braces) to
show what data goes into the Summary. The corrections are
only those that apply to the Standard Shock Force and
only require multiplying the appropriate Force value by
the named Factor. The final Adjusted Shock Force is added
to the Steady Force to arrive at the Maximum Peak Force.
If this number is comfortably below 1500 pounds, then the
tow can proceed with confidence. If the number is near
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TOW PLANNING WORKSHEET
30 FOOT (6.5 tons) AUXILIARY FACILITY

AUXFacilty _ SeaScape ActusiDisp. _ 6 ftons

Max Cont Cruise __ 3000 RPM  Speed _I8 knots Sip 35 %

Towine Type _K " 3-gtrand ylon TowiineLength _ 300  foet
TOW Speed knots

00| 18] 36| 54| 72| 90108 [ 126 | 144 | 162 | 180
1770 | 1890 | 1980 | 2100 | 2220 | 2340 | 2460 | 2580 | 2730 | 2850 | 3000
Max RPM while towing

TOWED VESSEL
Type Cabln Erlser \yioring ongth 38 oot TOW Speed & knots
Steady Force [1] __370 pounds

SEA STATE
Average Perlod 5.2 seconds Standard Shock Force[2) __ 500  pounds

SUMMARY

Standard Shock Force [2] 500 pounds
Double Braid 1.6x[2]=[3] 500 "  (use onlyif applicable)

Heading _ 8 x [3]=[4] 420 -
Adjusted Shock Force [4] 420 pounds
Steady Force [1] 3170 pounds
Maximum Peak Force [1] + [4] 730 pounds

Figure 5~10 Illustration Tow Planning Worksheet
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tow can proceed with confidence. If the number is near
1500 pounds the Coxswain should review the source for all
the data, and check his arithmetic.

How often will the Maximum Peak Force be encountered? Since
the Shock Force is calculated using the highest 10% of all
waves it would appear that the Peak Force would be encoun-
tered every tenth wave on average. But the Peak Force calcu-
lation assumes that the towing boat and the towed boat are
simultaneously on the worst possible phase of high waves, and
this is very unlikely. It is unlikely that the facility will

ever experience an Average Period greater than 7.5 seconds;
that corresponds to a sea fully developed by a 26kt wind with
10% of the waves higher than 16ft. Even in this sea the
average wavelength is less than 200ft, the length of the
towline, so the two boats are on statistically independent
waves. Hence the probability that both are simultaneously in
the worst phase on a highest wave is essentially the product
of the probabilities of each being on a highest wave. And 10%
x 10% = about 1%. Assuming a middling worst Average Period of
6 seconds that means that a Maximum Peak Force should be
expected about once every ten minutes.

Possible Adjustments. There are several things the Coxswain
can do to reduce the Maximum Peak Force; these are not prior-
itized and any one or several can be used independently.

1. Towline Length. The towline length should be at least
200ft. A longer line will allow more stretch and will
lower the probability that the Facility and the towed
vessel are simultaneously on a 10% highest wave.

2. Tack. Figure 5-9 shows the dramatic effect of tacking.

3. Slow Down. Reducing speed reduces the Steady Force, not
the Shock Force. However, when the speed is reduced the
Coxswain can then measure the Average Period and check
his determination of Standard Shock Force much more
accurately than while en route to the assist scene.

4. Check the Numbers. Initially, the Worksheet is completed
using numbers, such as Lw, on the side that will give
large force values. These can be examined more carefully
to see if the safe assumptions are too safe.

5. Should the Facility be there at all? The Coast Guard
restricts small boats when the numerical sum of the
Average Wave Height (in feet) + the Wind Speed (in knots)
exceeds 30. The SMC may not know what the local condi-
tions are and it is the responsibility of the Coxswain to
question if he should be on scene at all if the "Weather"
number is above 30.
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Unusual Circumstances. There are occasionally situations when
the "sea" is a combination of severe swells from distant
storms and local wind-driven waves. Under these circumstanc-
es the towline cannot be short because the shock from the
wind-driven waves would be severe; yet the towline cannot be
long because that would permit severe shock from the long-
period swells. What to do? There is no textbook answer, ex-
cept to leave the towing to the Coast Guard. Their boats
carry much longer towlines than do Auxiliary boats. If the
Auxiliary does attempt the tow, the only thing the skipper
can do is to try to adjust the towline length to minimize the
shock force. The "dangerous" length is one-half the wave-
length of the swells since in a mixed sea the swells are
usually more of a problem than are the wind-driven waves.

Small Auxiliary Vessel Considerations. Most of this chapter
does not discuss or analyze the Forces experienced by a ves-
sel smaller than 30ft. This limitation comes from the fact
that most Districts restrict off-shore SAR activity to ves-
sels larger than 30ft. However, smaller vessels do engage in
near-shore activity and thus might become involved in situa-
t.ions that could benefit from a towing force analysis. In
addition, the majority of vessels that the Auxiliary assists
are between 20 and 25 feet 1in length.

1. Towline. The small-vessel Worksheets (see page A-13,14
and A-15,16) have been specialized for a towline that is
%" in diameter, nylon, 3-strand twisted construction, and
100 feet long. Most 20 and 25ft boats have cleats that
will not comfortably accept %" or %" line, and %" line is
more common, And many smaller Auxiliary vessels do not
carry 200ft of towline, at least not in one piece. So the
Worksheets assume a 100ft towline, although it is much
safer to use a longer line. Table 5-3 also includes data
on %" poly line. Although nylon is safer, poly line is
very appropriate for small Auxiliary vessels and the fact
that it floats is a trade-off to cleating difficulty.

2. Load LIMIT. 1500 pounds is considered the upper limit of
instantaneous towing forces for Auxiliary vessels with
230ft Lw. For the smaller line to have the same safety
factor, the Working Load LIMIT is 850 lbs and the proba-
ble Breaking Load is 2100 1lbs. So in using the TOW PLAN-
NING WORKSHEETS for small Auxiliary vessels the value for
Maximum Peak Force that should cause extreme caution is
anything near 850 1bs.

3. It is also necessary to point out the dangerously small
Gravity Drop. Even at the Working Load, the number is
small and consequently snap-back is a serious worry; at
2100 1bs load, the line is a very serious hazard.
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%H %VY
Twisted Braided
o Nylon Poly
Strength - pounds 4,200 3,000

Stretch - feet 17 5
Stored Energy - foot pounds 4,144 1,850
Gravity Drop - feet 1.6 4.3
Safety Factor 4.0 3.5
Characteristics at 2100 1bs. Breaking Load
Stretch - feet 22 9.2
Stored Energy - foot pounds 11,486 7,900
Tip Velocity - Feet per Second 532 390
Gravity Drop - feet 0.6 1.1
Safety Factor 1.6 1.4

Characteristics at 850 lbs. Working Load

Table 5-3 Characteristics of 100 Foot Towline
Small Auxiliary Vessels

Cleats and other fittings are disproportionately weaker
on small boats, and it is very likely tlhat the cleats on
a 20ft boat would pull out at 2100 lbs load; there is
simply no reason for the marine architect to design for
such a large load. So there is ample reason to limit the
instantaneous Maximum Peak Force to about 850 pounds.

Overload. There is another "problem” with small boats.

The boat itself may have a low 8, ie, Length/Displacement

ratio (see Appendix E), and thus appear to be easy to
tow. However, if it is loaded with people its 8 becomes
much bigger and the boat becomes much harder to tow
safely. Passengers have a greater effect on 8 for small
boats than for large boats, and small boats tend to be
overloaded more often than large ones.

Adjustments. The possible adjustments outlined in the
Text for large Auxiliary vessels are all applicable to
smaller vessels as well. However, the emphasis might bhe
changed some. On large vessels Gravity Drop is enough
{compared to freeboard) that snap-back is not much of a
hazard, and snap-back is not the reason for making ad-
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justments. But for %" line in a 100 foot length it is a
hazard. Consequently, the adjustment should be selected
that will do most to reduce that hazard ie, increase the
length. Even tying two lines together helps reduce the
snapback more than it reduces the overall strength.



REVIEW QUESTIONS

1- Why is the ability to tow safely an important skill?

2- What are

the two situations when towing can be hazardous?

3- VWhat are
while on

the principal decisions that a Coxswain can make
an assist mission?

4- Why does

smooth-water instability occur?

5- Why is a

towed boat more stable when there is some chop?

6- When smooth-water instability occurs how may it be counter-

acted?

7T- What are

the three types of forces involved in every towing

evolution?
8- In a marginal situation what is the purpose of tow planning?
9- The Maximum Peak Force contains what two components?

10~ What is a reasonable upper limit on Maximum Peak tow force?

11- Why is stretch necessary in a towline?

12- Why is stretch undesirable in a towline?




13- What is gravity drop?

14- For the same diameter does 3-strand or double braid have the
greatest strength?

15- For the same diameter does 3-strand or double braid have the
greatest stretch?

16~ For the same diameter does 3-strand or double braid have the
greatest amount of stored energy?

17- For the same diameter does 3-strand or double braid have the
largest gravity drop?

18- A properly made eye splice has about what percent of line
strength?

19- A bowline has about what percent of line strength?

20- A sheet bend has about what percent of line strength?

21- Why are poly lines inappropriate for large towing loads?

22- What is the mechanism of chafe in synthetic line?

23- What chafe point is often neglected in a towline?

24- If a towline parts where is the break most likely to occur?




25- What is meant by "Speed-Length Ratio of One"?

26- What is the proper towing speed for boats with the following
waterline lengths? 23ft, 38ft, 44ft.

27- For a Vessel with Maximum Cruise of 2000 RPM with a slip of
30% making 18 knots what is the Maximum RPM for the following
Tow Speeds?

5 knots

6 knots

7 knots

8 knots

28- The Steady Force graph assumes what Speed/Length ratio?

29- What determines the amount of the Steady Force, provided the
Speed/Length Ratio is "1"7

30- Estimate the Steady Towing Force for the following:

15’ Lw outboard

20" Lw I/0 c/c

35’ Lw diesel c/c

27" Lw sailboat w outboard

31- What does the appearance of waves indicate to the Coxswain?

32- In long rolling swells what is the best technique to avoid
large shock forces?

33- What is the shape of Wind Waves?




34- What does the Coxswain use to measure Sea State?

35- How is the average period of Wind Waves measured?

36~ What is the "standard" towline length when there are signifi-
cant wind waves?

37~ What is the Steady Force to tow the following:
30’ Lw Cabin Cruiser
32’ Lw Sailboat
24’ Lw Sailboat
44’ 1.y Cabin Cruiser

38~ If the Standard Shock Force is 600 pounds what is the Ad-
justed Shock Force if the Auxiliary facility is using Double
Braided towline?

39- If the Average Period is 7 seconds what is the Shock Force
for:
40’ Lw Facility ; 35 Lw Distress
35 " ;407 "
30[ " ; 451 1"
45’ " ; 30, "

40- What is the Relative Wind Direction Factor if the tow is 45°
off the wind?

41- What are the two characteristics of most Auxiliary boats that

makes them less than totally satisfactory for towing?




42- For a gasoline-engine vessel with vacuum gauges what is the
minimum reading that should be allowed during a tow?

43~ How can a twin-engine vessel with a knotmeter be sure the
engines are not overstressed during a tow?

44- What is the maximum continuous RPM for a gas engine?

45- What is the maximum continuous torque for a gas engine?

46—~ What is the maximum continuous RPM for a diesel engine with a
vacht rating?

47- When is a bridle on the towing vessel desirable or necessary?
48~ Using the SeaScape Tow Planning Worksheet what is the Maximum
Peak Force for the following towed vessels with the corre-

sponding sea conditions, using 200 foot towline?

vessel wave period towline

15 Lw outboard 5.0 sec 3-Strand

20’ Lw c/c 5.6 sec Double Braid B

35’ Lw diesel c/c 4.3 sec Double Braid

27’ Lw sailboat 7.1 sec 3-Strand o
49. When should the skipper do formal Tow Planning?
50. Why is an Auxiliary Vessel engine(s) certainly overloaded if

the skipper tows at 75% of redline RPM?

-33
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CHAPTER 6. RESCUE, CONCLUSION, DOCUMENTATION, & LEGAL

Rescue. Efficient and effective rescue planning and opera-
tions are critical to saving lives. Planning involves
evaluating survivor location and condition, selecting an
appropriate rescue method and facilities, devising a res-
cue plan, and selecting a delivery point and means of
transport. The Rescue Units (RUs) are then briefed and
carry out the rescue plan. Safety of the RU and the survi-
vors is the primary concern. The term "Rescue Unit" and
"RU" generally refers to units on rescue-only missions, or
to facilities designed and equipped for rescue work.
Auxiliary vessels are primarily search platforms. However,
under some circumstances the Auxiliary vessel may perform
the function of a Rescue Unit, eg, towing a disabled
vessel to a safe harbor.

Rescue planning involves dispatching or diverting RUs for
rescue of personnel and property in distress after the
distressed vessel has been located. SRUs at the distress
scene, if able, rescue without delay; if they are unable,
rescue planning is necessary. Rescue planning follows a
logical sequence:

1. Evaluating survivahility.

2. Evaluating the environment.

3. Selecting the rescue method.

4. Selecting rescue facilities.

5. Developing an optimum rescue plan.

6. Developing an attainable rescue plan.

The first two steps in the sequence depend, to a large ex-
tent, on the observations of the SRU that locates the dis-
tressed vessel; selection of rescue facilities benefits
from intelligent recommendations by the on-scene SRU. The
attainable rescue plan may not be optimum because of
logistic constraints.

Delivery Planning. The final step in the planning sequence
involves the safe transport and delivery of survivors and
their property. The SMC selects a safe delivery point,
such as a hospital or safe mooring, and a means of trans-
port. The delivery point is selected that is most suitable
for receiving survivors or accepting delivery of a dis-
tressed craft. Generally, the SMC selects the closest safe
delivery point.
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Delivery points are preselected and plotted on the RCC
response chart. Many major metropolitan areas have disas-~
ter plans, and have first aid stations, clinics, private
hospitals, city/county hospitals, and emergency medical
care centers.

For missions involving emergency services such as towing
or escort of marine craft, the disabled craft is delivered
to the nearest safe harbor where emergency repairs can be
made, or to a commercial towing service. SAR system re-
sponse to vessels ends when they are safely delivered to a
harbor sufficiently deep to receive both the SAR vessel
and the disabled craft, and protected from the elements so
that, upon delivery, the SRU can depart without expecting
a further emergency to develop. If the disabled craft
declines delivery to a safe harbor, the SRU withdraws
assistance and the disabled craft is advised of the reason
for SAR service termination.

If the number of survivors is large, the RCC may establish
a temporary delivery point for intermediate handling of
survivors. In major aircraft or marine disasters a short
distance offshore, survivors may be transported to a
temporary emergency care center established nearby. A
large number of survivors can be evacuated quickly from a
hostile environment, and secondary SAR facilities, such as
local police and ambulance services, can then transfer
survivors to medical care centers.

Rescue Operations consist of briefing, dispatch of units,
en-route travel, on-scene procedures, survivor transport
and debriefing, return to base, and debriefing of SAR
personnel. Rescue operations do not end until all located
distressed persons or craft are rescued or accounted for.
Search operations continue until all survivors of the
distressed craft are located, or the search is suspended.
No RU is directed to execute a maneuver hazardous to the
craft or crew unless a thorough evaluation indicates that
the risk is acceptable. The RU commander has ultimate
authority and responsibility to determine if an operation
can be executed safely.

1. Rescue by Helicopter is accomplished by landing or by
hoisting (although the HH-65A helicopter cannot land
on water). Hovering and hoisting is the preferred
method for marine incidents. Prior to authorizing a
helo evacuation from a distressed boat, the SMC con-
tacts a flight surgeon to evaluate the circumstance
and Jjustify the risks; in the case of saving persons
from the water the rule 1is "just do it".




An electrical shock hazard exists to individuals who
contact an ungrounded helicopter hoist cable. The
cable is first grounded by contact with the vessel or
water.

The hoist line is never "tied off" to a vessel.

The noise from a helicopter makes radio communication
at the vessel almost impossible. Prior to the helicop-
ter getting on scene the pilot and crew of the vessel
must agree on hand signals that the vessel will use
during the hoist operation.

Rescue by Ship. Removal of survivors from the water,
life rafts, lifeboats, or other vessels to the RU is
often the most difficult phase of a maritime SAR mis-
sion. The condition of the survivors may be such that
they are unable to help themselves; usually they will
have to be assisted or actually hoisted aboard. For
this reason all SAR vessels or boats are prepared to
l1ift survivors from the water without expecting help
from them.

When survivors are located on lakes, sheltered waters,
rivers, or coastal areas, rescue is often made by
limited-range boats based close to the distress, or by
private boats in the vicinity. Since boats may be too
small to take all survivors on board at one time, a
sufficient number of boats are dispatched; when this
is not possible, each boat deploys rafts so that sur-
vivors who cannot be taken on board immediately, can
either be towed ashore or kept afloat while waiting.
Survivors left behind are made as safe as conditions
permit.

Coordinated Helicopter/Boat Rescues. Occasionally both
a helicopter and a boat are dispatched. When the heli-
copter arrives first and begins its rescue attempt,
the boat takes station upwind in the 2 o’clock posi-
tion at a safe distance and stands by as a backup. The
boat does not cross over the helicopter hoisting ca-
ble, nor cross between the survivors and the helicop-
ter, and stays within pilot vision.

If the helicopter aborts the attempt, the pilot de-
parts the immediate area of the survivors and signals
for the boat to take charge of the rescue operation.

If the boat arrives first and makes the rescue, survi-

vors may be transferred to the helicopter for more
rapid delivery to medical facilities.
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Mission Conclusion is the final stage of the SAR incident.
The mission is successful when the search objectives have
been located and recovered; the mission is unsuccessful
when the search objectives have not been located and the
SAR mission has been suspended.

The decision to suspend is a difficult one. Each SAR case
is considered on its own merits and the search is not
suspended prematurely. Prior to suspension the complete
case history is reviewed. The decision is based on the
probability of the objective surviving the initial inci-
dent, the probability of survival after the incident, the
probability that the victim was within the computed search
area, the quality of the search effort, and the consensus
of several search planners. Search decisions are examined
to ensure that proper assumptions were made, and that
planning scenarios were reasonable. The certainty of
initial position and any drift factors used in determining
search area are reconfirmed, and significant clues and
leads are reevaluated. Datum computations are reviewed.

In the Coast Guard, every decision to suspend is made by
the SC or his duly authorized representative, usually the
Chief of Search and Rescue(osr). It is the responsibility
of the SMC to notify the relatives of the distressed or
missing persons that the mission has been suspended.
Relatives normally are more willing to accept the decision
to suspend if they have been allowed to follow the prog-
ress of the search. Notification of the decision to sus-
pend is made at least one day prior to actual suspension
of operations, allowing relatives one more day of hope,
while giving them time to accept the decision that the
search cannot continue indefinitely.

If significant new information or clues are developed, re-
opening of a suspended mission is considered. However,
reopening without good reason wastes resources, risks
injury to searchers, and limits ability to respond to
other emergencies.

SRUs are limited in the number of hours they can operate
safely and efficiently. A SAR mission is not ended until
the last SRU has returned to its operational base and all
participating agencies are dealerted.

Documentation consists of logs, forms, folders, charts,
and reports. Any situation about which a unit opens a
file, whether or not SRUs are dispatched, is documented.
Documentation promotes operational efficiency and creates
statistical data, information for SAR case studies, and
official chronological records. Each SAR case is normally
assigned a number and title as soon as the SAR system is
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notified of the case. Case titles identify the craft,
individual or event and the nature of the emergency, and
each RCC maintains a chronological narrative account of
operational SAR activity. The narrative log is filed in
the SAR case folder, as are the SAR operations log, SIT-
REPS released and received, SRU movement orders, emergency
phase classifications, communication checks, etc.

1.

SRU Records. Each SRU maintains a log of SAR activity
from the time of initial notification to the time of
return to base. The log contains a record of all radio
traffic relating to the SAR incident, a record of SRU
movement during the search phase (including the chart
on which the vessel movement was recorded), a record
of any rescue effort including debriefing of survi-
vors, a record of supplies expended, and any other
pertinent data that may contribute to the understand-
ing and/or analysis of the incident.

SRU Reports. Besides the SITREPs, the most important
report prepared by the Auxiliary SRU is the SAR Inci-
dent Auxiliary Report, CG-4612 AUX. This standardized
report is a "fill-in-the-blank" message form. It is
used primarily for statistical analysis of SAR inci-
dents in which the Auxiliary is involved.

Auxiliary SAR units also file a Mission Hour Report,
USCG CG-4947, to record the hours spent by the crew
during the SAR patrol, and the Owner (and Operator) of
the Auxiliary SAR unit completes a copy of his Coast
Guard Auxiliary Patrol Order, CG 5132 (Rev 5-94), to
record the activity and request authorized reimburse-
ment of expenses.

Legal Framework. Although obligated by international law,
United States SAR is authorized primarily by several U.S.
statutes.

1.

14 USC 88 authorizes the Coast Guard to rescue persons
or property in distress, take charge of and protect
property saved, provide food and clothing to persons
in distress, and destroy or tow hazards-to-navigation.
The authority is discretionary; duty to perform SAR is
not mandatory. Once a mission is undertaken, however,
it must be prosecuted in a responsible manner. The
agency performing SAR may be subject to liability to a
person in distress if physical harm results from a
rescuer’'s failure to exercise reasonable care in a
rescue, and if this negligence worsens the plight of
the distressed person, or if harm is suffered because
the person reasonably relied on the rescue effort
foregoing other opportunities to obtain assistance.
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G.

Even in these situations, liability normally results
only where injuries are caused by unreasonable actions
on the part of the rescuer.

2. 14 USC 2 establishes maintenance and operation of
rescue facilities as a primary mission of the Coast
Guard.

3. 14 USC 821-832 provides for establishment and opera-
tion of the Coast Guard Auxiliary, defines Coast Guard
Auxiliary vessels under orders as public vessels of
the United States, and allows reimbursement of certain
expenses incurred.

Private Property. Trespass is defined as unlawful entry
upon real property belonging to another. As a general
practice, personnel engaged in SAR must obtain permission
from the property owner or occupant (skipper, if not the
owner) prior to entry. If this is not possible, entry by
SAR personnel is lawful if necessary,; however, every
effort must be made to minimize damage to the property.

Private property coming into possession of SAR personnel
is safeguarded, inventoried, returned to its owner, and a
receipt obtained. If the owner cannot be found immedi-
ately, SRUs take the property to the Coast Guard officer
assigned for handling property. Recovered private personal
property may, under direction of the SAR Coordinator, be
delivered directly to local law-enforcement authorities.

Civil Action. Citizens, private attorneys, life insurance
companies, and government agencies may seek information
about a SAR case to assist in settling estates of persons
missing after casualties, or to resolve other legal mat-
ters. All such information must be cleared by a Coast
Guard legal office before release. Many civil actions
involving SAR begin years after the event, therefore SAR
controllers and personnel preserve complete and accurate
records, including original RCC tapes if possible. Coast
Guard attorneys provide guidance whenever SAR personnel
are called upon as witnesses. Generally, SAR personnel
provide factual information only, and do not make any
statements that could, if taken out of context, be con-
strued as an admission of error or a statement of opinion.

Bilateral International Agreements.

1. Treaty Regarding Reciprocal Rights for United States
and Canada in the Matters of Conveyance of Prisoners
and Wrecking and Salvage, was signed at Washington May
18, 1908 (35 Stat. 2035; TIAS 502). Article II of this
treaty permits vessels and wrecking appliances, either
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from the United States or from Canada, to salvage
property wrecked and to render aid and assistance to
any vessels wrecked, disabled, or in distress in areas
specified as: that portion of the St. Lawrence River
through which the international boundary line extends;
Lake Ontario, Lake Erie, Lake St. Clair, Lake Huron,
and Lake Superior; the Niagara, Detroit, St. Clair,
and Ste. Marie Rivers, and Canals at Sault Ste. Marie;
and the shores and in the waters of the other country
along the Atlantic and Pacific coasts within a dis-
tance of 30 miles from the international boundary.

The reciprocal wrecking and salvage privileges include
all necessary towing, and nothing in the Customs,
Coasting, or other laws or regulations of either coun-
try restricts in any manner the salving operations of
vessels or wrecking appliances. Vessels from either
country employed in salving in the waters of the other
are required, as soon as practicable afterwards, to
make full report at the nearest custom house in the
country in whose waters the salving takes place.

Mexico, Treaty to Facilitate Assistance to and Salvage
of Vessels in Territorial waters, was signed at Mexico
City June 13, 1935 (49 Stat. 3359; TIAS 905). Under
this treaty vessels and rescue equipment of either
country, may assist vessels and crews of their own na-
tionality which may be disabled or in distress on the
shores or within the territorial waters of the other
country:

a. Within a radius of 720 nautical miles of the inter-
section of the international boundary line and the
coast of the Pacific Ocean; or

b. Within a radius of 200 nautical miles of the inter-
section of the international boundary line and the
coast of the Gulf of Mexico.

The commanding officer, master, or owner of a vessel
or rescue apparatus of either country entering or
intending to enter the territory or territorial waters
of the other to assist a distressed vessel is re-
quired, at the earliest possible moment, to send no-
tice of such action to the authorities of that other
country nearest the scene of distress. The vessel or
apparatus may freely proceed to, and assist the dis-
tressed vessel unless the authorities advise that
adequate assistance is available, or that, for any
other reason, such assistance is not considered neces-
sary. Notification is necessary when a vessel or appa-
ratus of one country departs from the territory or
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waters of the other country entered to render assis-
tance. Private vessels which have so entered, as well
as private distressed vessels and the cargo, equip-
ment, stores, crew, and passengers thereof, are sub-
ject to the laws in force in the country in whose
territorial waters such assistance is rendered.

SRU Responsibility. When Auxiliary vessels or aircraft
are involved in SAR activity involving these interna-
tional agreements there is nothing particularly that
the SRU must do to abide by the treaties and the con-

comitant reporting regulations, except to follow in
detail the instructions issued by the RCC.




REVIEW QUESTIONS

1- How does the on-scene SRU contribute to Rescue Planning?

2- What is the responsibility of a SRU in a rescue involving
towing?

3- If a disabled craft declines delivery to the nearest safe
harbor what does the SRU do?

4- What is the primary consideration of the SRU during a
rescue?

5~ With whom does the SMC consult before ordering a helo
medevac?

6- What precautions are necessary during a helo evacuation?

7- What help must a SRU be prepared to give to survivors in
the water?

8- From what position does a SRU watch a helo rescue operation
being carried out with a nearby distressed vessel?

- On what factors is a decision to suspend based?




10- Who has the authority to suspend?

11- Who notifies relatives of the decision to suspend?

12- When might a closed SAR case be reopened?

13- What is the minimum documentation required of an Auxiliary
SRU?

14- If an Auxiliary SRU does not know whether to keep records
of a case what should be done?

15- What is the legal status of Auxiliary vessels operating
under orders?

16- Is the Coast Guard required to assist persons and property
in distress?

17- If the Coast Guard starts to assist a person in distress
may it quit at any time?

18- Define trespass.

19- Do SAR personnel have the right to unauthorized entry?




20- Are Auxiliary personnel authorized to disclose information
about a case?

21- Is it necessary to preserve SAR incident records?

22- With what countries does the United States have treaties
governing SAR activity in border regions?

23- If an Auxiliarist is called as a witness in a SAR case
what must he do?
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APPENDIX A FORMS & WORKSHEETS

Introduction. This Appendix contains reproducible copies of
all of the forms used in the REVIEW QUESTIONS at the end of
each Chapter. The student should remove these masters from
his Text and have them reproduced. He will need copies not
only for the REVIEW QUESTIONS but also for the written Exami-
nation and the Demonstration Practical. Copies of these
Worksheets are NOT supplied with the Examination packets.

The Maneuvering Board sheet (page A-28 of this Appendix) is
difficult to reproduce and students are encouraged to pur-
chase pads of Maneuvering Boards from their local marine
supply store. Not only are the printed forms more legible but
they are less expensive than reproducing on a copying ma-
chine. Some Students may prefer using the Vector Worksheet
{page A-27 of this Appendix) and using a ruler rather than
dividers for measuring the length of the vectors. This allows
complete flexibility in selecting the Scale. The Vector
Worksheet reproduces much better than the Maneuvering Board.

Practical Demonstration. Page A-29 is a copy of the Practical
Demonstration Worklist that must be completed satisfactorily
before the Student is permitted to take the Final Examina-
tion. The Student will be reminded at the end of the lesson
covering Chapter 5 that the Worklist should be completed at
home and returned to the class at the next session. The
Student may use any material in the Text and any notes taken
during the lesson sessions, but must do the work alone.

Tools and References. The Student should equip himself with
the necessary tools for working on Maneuvering Boards and
doing the arithmetic required by many of the Worksheets. Only
non-programmable calculators are allowed during the examina-
tions. Whenever a problem requires reference to a Figure or
Table in the Text the student should use that reference in
completing the REVIEW QUESTIONS. A copy of each required
Reference is included in the Examination Packet.
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National SAR School Reversing Tides & Other Currents
(rev. 5/31/81) ( WORKSHEET
Case Title: Planner’s Name: Date:
A. Incident Summary MINIMUM MAXIMUM
1. Latitude N/S N/S
2. Longitude WI/E W/E
3. Surface Position DTG Z Z
4. Datum DTG Y/
5. Drift Interval HRS HRS

B. Time Conversions: GMT + Zone Description (Rev) = Zone Time

1. Surface Position DTG (Zone Time)
2. Datum DTG (Zone Time)
C. Reversing Tidal Currents - (Minimum)

(Maximumy) (First Search) (Circle One)

1. REFERENCE STATION: PAGE: DATE:
SUBSTATION: REFERENCE NUMBER:
2. TIME DIFFERENCES
Minimum Minimum
Before Before
Flood HRS MIN Ebb HRS MIN
Max Max
Flood HRS MIN Ebb HRS MIN
3. VELOCITY INFORMATION
SPEED AVERAGE SPEED AVERAGE
FLOOD: RATIO DIRECTION °T EBB: RATIO DIRECTION °T
4. a) REFERENCE STATION b) SUBSTATION
TIME SPEED TIME SPEED(E/F?) TIME SPEED TIME SPEED(E/F?)
SLACK SLACK
SLACK SLACK
SLACK SLACK
SLACK SLACK
SLACK SLACK
5. TIDAL CURRENT CHART
INCIDENT TIME: ] DATUM TIME:
INTERVAL: INTERVAL.: INTERVAL:
____HRS MIN FLOoD . HRS___ MIN ___HRS___ MIN FLOoD
SLACK
INTERVAL: INTERVAL:
___HRS__MIN ___HRS___MIN
EBB




National SAR School

Reversing Tides & Other Currents
(rev. 531/91) WORKSHEET

6. COMPUTING AVERAGE FACTOR OF CYCLE:

a) Time interval from slack water to incident:

Time interval from slack water to DATUM:

HRS MIN (Same Half-Cycle)

HRS MIN (Same Half-Cycle)

b) FACTORS FOR THE FLOOD/EBB CYCLE (1)

¢) TOTAL VALUE OF FACTORS IN THIS CYCLE:
Divided by: Total Number of Factors in Cycle:
Equals: Average Factor for Cycle:

b) FACTORS FOR THE FLOOD/EBB CYCLE (2)

¢} TOTAL VALUE OF FACTORS IN THIS CYCLE:
Divided by: Total Number of Factors in Cycle:
Equals: Average Factor for Cycle:

7. COMPUTING THE AVERAGE CURRENT SPEED FOR THE CYCLE:

Maximum Current Speed for the Cycle: KT Maximum Current Speed for the Cycle: ______KTS
Multiplied by the Average Factor EQUALS Multiplied by the Average Factor EQUALS
the Average Speed for the Cycle —___KTS the Average Speed for the Cycle KTt
8. COMPUTING TIDAL CURRENT VECTOR FOR THE CYCLE: ()F/E 2F/E
Time Duration of Drift through the Flood/Ebb Cycle: ______HRS ____HRS
Multiplied by the Average Current Speed: ______KTS ___ KIS
EQUALS: Magnitude of Current Vector for the Cycle: — NM ____NM
9. CALCULATING THE TOTAL TIDAL CURRENT VECTOR:
1st Current Vector: T NM+2nd Current Vector:___°T ____NM
EQUALS: Total Reversing Tidal Current Vector °T NM

Other Currents Worksheet

1. There are many other currents that may effect a search object. Some of these are: Lake,
Longshore, River, Surf, Rotary, etc. The form is self-explanatory.

2. Type of Current

3. Source of Information

MINIMUM MAXIMUM

4. SET °T °T
Drift KTS KTS
Vector °T oT
Direction from above and
Drift X Drift Interval NM NM



National SAR School LEEWAY WORKSHEET
. (rev. 6/31/91)
Case Title: Planner's Name. Date:
A. Incident Summary MINIMUM MAXIMUM
1. Latitude N/S N/S
2. Longitude W/E W/E
3. Surface Position DTG y/ VA
4. Datum DTG Y/
5.  Drift Interval HRS HRS
B. Search Object(s)
C. Average Surface Winds (ASW)
Reported Wind Valid Number Wind Wind Wind
Wind DTG Period of Hours Direction Speed Contribution
(A) (B) © (BY(AxC)
00002 2100 - 0300 /
0600Z 0300 - 0900 /
12002 0900 - 1500 /
1800Z 1500 - 2100 /
00002 2100 - 0300 /
06002 0300 - 0900 /
12002 0900 - 1500 /
1800Z 1500 - 2100 /
00002 2100 - 0300 /
0600Z 0300 - 0900 /
12002 0900 - 1500 /
1800Z 1500 - 2100 /
0000Z 2100 - 0300 /
Total Hours Total Wind Vector /
Divide Total Wind Vector
by total hours to get: ASW °T KTS
D. Downwind LEEWAY
1. Average Surface Winds (ASW) °T
KTS
2. Set (ASW Direction $180°) °T
3. Formula (if used)
4. Drift (LEEWAY SPEED GRAPH OR EXPONENTIAL FORMULA) KTS
5. Drift Interval HRS
6. Leeway (LW) Vectors °T NM




National SAR School

Select One Situation

MINIMUM

LEEWAY WORKSHEET

(rev. 531/91)

MAXIMUM

Drift Rate Uncertainty. Leeway with minimum and maximum drift rates, e.g., drogue/no drogue or
search object uncertainty. Used for two search objects.

1. Average Surface Winds (ASW) °T °T
KTS KTS
2. Set (ASW Direction +180°) °T °T
Formulas (if used)
4. Drift KTS KTS
(LEEWAY SPEED GRAPH OR EXPONENTIAL FORMULA)
Drift Interval HRS
Leeway (LW) Vectors °T °T
NM NM
Time Uncertainty. Used when incident time is unknown.
1. Drift Interval HRS HRS
2. Average Surface Winds (ASW) °T °T
(two required) KTS KTS
3. Set (ASW Direction +180°) °T °T
Formula (if used)
Drift KTS KTS
(LEEWAY SPEED GRAPH OR EXPONENTIAL FORMULA)
6. Leeway (LW) Vectors °T °T
NM NM

Directional Uncertainty. DIVERGENCE - time and search object known. Used when there is only

one object and one time.
1. Average Surface Winds (ASW)

Set (ASW Direction +180°)

Formula (if used)

Divergence

Drift

(LEEWAY SPEED GRAPH OR EXPONENTIAL FORMULA)

LA I

Drift Interval
Leeway (LW) Vectors

o

I+

°T
KTS
°T

I+

HRS

°T
KTS
°T

NM



National SAR School DATUM WORKSHEET
(rev. 5/31/91)
Case Title: Planner’s Name: Date:
Surface Position Desc: Datum # _____ SearchPlan: A B C ___
CIRCLE ONE
A. Aerospace Drift (d)
1. Bailout Position Latitude N/S
Longitude W/E
2. Bailout Position DTG Z
3. Total Vector from Aerospace Worksheets °T
NM

B. Position Where Surface Drift Will Start
MINIMUM MAXIMUM
1. Surface Position from Aerospace Worksheets,
Last Known Position/Incident Position,
Previous Datum (non-minimax),
Previous D_, and D_, Positions.

TARGET(S)
2. Time Y/ z
3. Latitude N/S N/S
4. Longitude W/E W/E
C. Datum Time
1. (Commence Search Time/Mid-Search Time) '/
2. Drift Interval HRS HRS

D. Total Water Current
1. Observed Total Water Current (TWC)

a. Source (DMB, debris, oil)

b. Set °T °T
Drift KTS KTS
c¢. TWC Vector °T °T
Direction from above and
Drift x Drift Interval NM NM
2. Tidal Current Vector °T °T
Use Substations of Both positions
If drifting from D__and D__, NM NM

(Attach Tidal Current Worksheet)



National SAR School DATUM WORKSHEET

(rev. 5/31/91)
MINIMUM MAXIMUM
3. Sea Current (SC)
a. Information Source
b. Set °T - T
c¢. Drift KTS . __KTS
Use lat/long of both positions
if drifting fromD_,_ and D__,
d. Sea Current (SC) Vector I \ I
Direction from above and
Drift x Drift Interval NM - NM
4. Wind Current (WC)
Wind Current (WC) Vector °T ___°T
Use Latitude of both positions
if drifting from D__ and D__, NM - NM
(Attach Wind Current Worksheet)
5. Other Water Current
Use information for both positions °T R
if drifting fromD__ and D__,
(Attach Other Water Current Worksheet) NM NM

E. Leeway (LW)
1. Leeway (LW) Vector °T °T
(Attach Leeway Worksheet)

NM NM

F. Total Surface Drift (d_, and d_ )

From Chart, UPS, or calculator

1. Direction °T °T

2. Distance NM NM
G. Datum (D_.andD_ )

1. Latitude N/S N/S

2. Longitude W/E W/E
H. Distance between D_, andD_ NM
I Datummmmx

1. Latitude N/S

2. Longitude W/E

3. Datumminim DTG Z

4. Direction from SP to Datum °T

minimax



National SAR School

SEARCH AREA WORKSHEET

(rev. 5/30/91)

Case Title Planner’s Name Date

I. Coastal Model Search Area
A. Search Radius

B. Optimum Search Area Size
Use Graphic Solution from Chart or UPS

II. Oceanic Model Search Area

A. Individual Drift Errors (d)
1. Aerospace Drift Error (d )

a. Aerospace Drift Distance (d))
b. Drift Error Confidence Factor (CF)
c. Aerospace Drift Error (d_, =d_ x CF)

2. Surface Drift Error
a. Minimax

1. Sum of all previous
Drift Errors

(d_min and d_max)

2. Surface Drift
Distance
(d_, andd__)

3. Drift Error Confidence Factor

4. Drift Error Min
and Max

(d,min and d max)

5. Distance between latest

D . and D__ positions

mi1

6.0 NM
SQNM

0.3

MINIMUM

0.3
NM ____________NM

(d_, x CF) d_,_xCF)

NM

(Sum + d min + d max + Distance)

6. d minimax = 5

b. Non-minimax

1. Surface Drift Distance (d)

2. Drift Error Confidence Factor (CF)
3. Individual Drift Error (d, =d x CF)

B. Total Drift Error (D)
1. Minimax (D,=d_, +d minimax)

2. Non-minimax D,=d_ +d, + d,+..)

= NM

0.3
NM



National SAR School

C. Initial Position Error (X)

1. Navigational Fix Error (FIX))
Based on

2. Navigational DR Error (DR))
(if applicable)

3. Initial Position Error (X)
(X = FIX, + DR,)

D. SRU Error (Y)
1. Navigational Fix Error (FIX)
Based on

2. Navigational DR Error (DR,)
(if applicable)

3. Initial Position Error (Y)
(Y = FIX, + DR)

E. Total Probable Error (E)

1. E:JD,’+X2+Y2 r +
E=v

F. Safety Factor (f)

G. Desired Search Radius (R)
1. Search Radius(R=Exf)

(round up to next tenth {0X] mile)

H. Optimum Search Area (A)
1. Square (A =4 xR?
2. Circle (A =T x R?)

3. Rectangle (A=LxW)
L = length of side
W = width of side

4. Graphic Solution
From Chart or UPS

+

SEARCH AREA WORKSHEET

(rev. 5/30/91)

NM

11 16 20 23 22

circle one

SQNM
SQNM
SQNM

SQNM




EXPANDED SQUARE WORKSHEET

E2 S22 2220222339223 2332033330002 3¢ 002302083300 23 3000233002330 03 2330203332220 8
i 9ki12k;15k}18k]

S=3NM

S=2NM

Sz1NM

S=0.5NM

5=0.2NM

S=0.1NM

t ]
1 1

i 6k} 8k)10k;12k}20k)24k;

H  6ki10k;12k;15k;20k;

y 5k}

6k;7.510k, 15k;

i 4k) 6k)12k|

6k,

X KORK KRR R KKK KKK KK ORKKKCKORK R KKOROR R KOOI ORI OO Ok COIOKIORR ORIk KRR koK

Start °T °C 1207 1157 1121107} 67} 57} 47} 37} 2/} 17}
e °T °C :20":15' 11271107 671 571 47t 31 200 17y
3 °T °C 140 1307 1247 1207 1127 110} 873 671 471 27!
4 °T °C 1407 1307 1247 1207 112/ 1107} 87} 6/} 4/} 2')
e °T °C 4571367 130° 1187 115 1127 1 9'} 671 3|
w6 o °c L 1451367 1307 1187 1157 1127} 91 671 371
m;; ——————— °T °C b :4W?;&T£¥!ZW:1&51T! 8| ;7
e o1 °c B 407 207 1207 116 127} 8L 47
T Y L1 1 150130 12571207 11571107 5 |
w0 e cc L1 15071307125 1207 157 1107} 5

(PSSP PO PE L2220 222 0223202202000 2303 0300223003230 0023000233002 3233 0223202231

SOV W

Select Track Spacing "S" in NM
Select Speed in knots
Circle Corresponding Leg Time Column
Add leg time to Start for previous leg for next Start Time
. True courses rotate 90°
Correct for Variation & Deviation and record Compass courses

to the right

XK K KOO RO R OO OO OO OO OO R oo oo R R ok ok Rk x

Reference Data:

1. Datum

2. Other




SECTOR SEARCH WORKSHEET

FX KKK RIORKR R KRKR RO OO KOO KRR RO OO ORRORROR R Xk

R=5NM 1 15k 20k 25k ; 30k ; : ' g ' '
1_2:4 :12k:16k:20k:24k:—_ : :-— : :___2
I;;; _——: 9k :_I—Z_kl 15k_:_1—8—k_2 30k} i : ; '
_:2- _______ :__6k: 8k:10k:12k:—2_0k:24k:30k: : '
Rl @ 1 ! Ski 6k!10k!12k! 15k} 20k! 30k!
I—e;ajf—)"_ ' i : ' _:_5k: 6k:7.5:10k:15:k:

EP ST ITIET P23 2533023222 2022202033223 03 220023230200 30023 0230220220303 22002002022320¢22]

Start °r °C 1207 115 112 110"} 6/} 57} 47! 3’} 2'!
#2 °T °C 120° 115 1127 110"} 67} 571 4’} 3"} 2/}
#3 °T °C 140 1307 1247 120" 112/ 110} 8! 67} 4!

#4 °T °C 120 115711273107 670 571 4" 37 27
#5 °T °C 1407 1307 1247 120" 127 ;10" 8"} 6"} 4"}

#6 °T °C 1207 1157 11271107} 67} 57} 47} 3} 2|
#7 °T °C 1207115 11271107} 67 57} 47} 3} 2

Return to Datum
KRR K KOKOR KR 00K K KKK OK KK KO KR R KOO KOO R OKORCKOKCKOR KO COR R OKKROOIOR RO Ok R R Rk
1- Select Pattern Radius "R" in NM.
2- Select Speed in knots.
3- Circle Corresponding Leg Time Column.
4— Add leg time to Start time for next Start time.

KRR KKK RO KRR RO RO KOO RO R OOk R KRR XX

Reference Data:
1- Datum

2- Other



TOW PLANNING WORKSHEET
20 FOOT (2.5 TONS ) AUXILIARY FACILITY

AUX Fadility ActualDisp. _____ tons

MaxContCruse = RPM  Speed _ knots Sip %

Towiine Type Towline Length foet
TOW Speed knots

Max RPM whlle towing

TOWED VESSEL

Type _____ Waterdinelength ___ foet TOW Speed _______ knots
Steady Force [1] __ pounds
SEA STATE
Average Period seconds Standard Shock Forcef2] =~~~ pounds
SUMMARY
Standard ShockForce[2] ____ pounds
Double Braid 1.8x[2] =[3] ___ " (useonlylif applicable)

Heading __ x[3]=[4] o

Adjusted Shock Force [4] pounds

Steady Force [1] pounds

Maximum Peak Force [1] + [4] pounds
LIMIT 850 pounds

A-13




Steady Force - 1bs
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Wave Period Seconds

Shock Force vs
Average Period

The four curves above are (reading
from the bottom up on the right
hand side) for a 20, 25, 30, and
35 foot waterline-length boat to
be towed.

NOTE: The Shock Force curves are
for %", 3-Strand Twisted nylon tow-
line. If Double Braided nylon is
used, multiply the Shock Force by
a factor of 1.6.

NOTE: The Shock Force curves are
for a 100 foot long towline. A
line that 1s 50 feet long will ex-
perience double the Shock Force;
a 150 foot line will reduce the
Shock Force by a factor of 0.6.




TOW PLANNING WORKSHEET
25 FOOT (4 TONS) AUXILIARY FACILITY

AUX Faditty ActugiDisp. _______ tons

Max Cont Cruise RPM  Speed ____ knots Slip %

Towiine Type Towline Length foat
TOW Speed knots

Max RPM while towing

TOWED VESSEL

Type ___ WaterineLength ___ feet TOW Speed _______ knots
Steady Force [1] pounds
SEA STATE
Average Period __ seconds Standard Shock Force[2] __~~ pounds
SUMMARY

Standard Shock Force [2] pounds
Double Brald 18x[2] =[3] _____ *  (useonly if applicable)
Heading ___ x[3]=[4] "

Adjusted Shock Force [4] pounds
Steady Force [1] pounds
Maximum Peek Force [1] +[4] pounds

LIMIT 850 pounds

A-15




Steady Force - 1bs
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The four curves above are (reading
from the bottom up on the right
hand side) for a 20, 25, 30, and
35 foot waterline-length boat to
be towed.

NOTE: The Shock Force curves are
for %", 3-Strand Twisted nylon tow-
line. I1f Double Braided nylon is
used, multiply the Shock Force by
a factor of 1.6.

NOTE: The Shock Force curves are
for a 100 foot long towline. A
line that is 50 feet long will ex-
perience double the Shock Force;
a 150 foot line will reduce the
Shock Force by a factor of 0.6.




TOW PLANNING WORKSHEET
30 FOOT (6.5 tons) AUXILIARY FACILITY

AUX Fadliity AcusiDisp. __ fons

Max Cont Cruise RPM Speed _ knots Slip %

Towiine Type Towline Length feet
TOW Speed knots

Max RPM while towing

TOWED VESSEL

Typo _ Watedinelength ____ foet TOW Speed _ knots
Steady Force 1] pounds
SEA STATE
Average Period __ seconds Standard Shock Force2] ___ pounds
SUMMARY
Standard Shock Force [2] pounds
Double Braid 1.6x[2] =[3] _____ * (useonlylf applicable)

Heading __ x[3]=[4] o

Adjusted Shock Force [4] pounds
Steady Force [1] pounds
Maximum Peak Force [1] +[4] pounds

LIMIT 1500 pounds

A-17
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The five curves above are for -
reading from the bottom up on the
right hand side - 30, 35, 40, 45,
and 50 foot waterline length
boats to be towed.

NOTE: The Shock Force curves
are for 3-Strand Twisted towline.
If Double Braided line is used
multiply the Shock Force by 1.6.

NOTE: The Shock Force curves
are for 200 foot towline. A

100 foot line may more than dou-
ble the Shock Force; for a 300
foot line use a factor of 0.6



TOW PLANNING WORKSHEET

35 FOOT (10.3 tons) AUXILIARY FACILITY

AUX Fadility ActualDisp. ____ tons

Max Cont Crulse RPM Speed ___ knots Sip ____ %

Towline Type Tominelength _ feet
TOW Spead lmots

Max RPM while towing

TOWED VESSEL

Type __ Waterinelength __ feet TOW Speed ____ knots
Steady Force [1] pounds
SEA STATE
Average Period seconds Standard Shock Force [2] pounds
SUMMARY
Standard Shock Force [2] pounds
Double Braid 1.6x[2] =[3] " (useonlyif appiicable)

Heading _ x[3] = [4] —

Adjusted Shock Force [4] pounds
Steady Force [1] pounds
Maximum Peek Force [1] +[4] pounds

LIMIT 1500 pounds




35 foot Facility
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The five curves above are for -
reading from the bottom up on the
right hand side - 30, 35, 40, 45,
and 50 foot waterline length
boats to be towed.

NOTXE: The Shock Force curves
are for 3-Strand Twisted towline.
If Double Braided line is used
multiply the Shock Force by 1.6.

NOTE: The Shock Force curves
are for 200 foot towline. A

100 foot line may more than dou-
ble the Shock Force; for a 300
foot line use a Shock Force
factor of 0.6



TOW PLANNING WORKSHEET
40 FOOT (15.4 tons) AUXILIARY FACILITY

AUX Fadiity AcualDisp. __ tons

Max Cont Cruse __ ~~_ RPM  Speed ____ knots Sip %

Towiine Type Towlinelength _ feet
TOW Speed  knots

Max RPM while towing

TOWED VESSEL

Type  Watedinelength ____ feet TOW Speed ___ knots
Steady Force [1] ____ pounds
SEA STATE
Average Period _ seconds Standard Shock Force[2] _~ pounds
SUMMARY
Standard Shock Force [2] pounds
Double Braid 1.86x[2] =[3] " (use onlyif applicable)
Heading ___ x[3]=|4]  _ ___ "
Adjusted Shock Force [4] pounds
Steady Force [1] pounds
Maximum Peek Force [1] +[4] pounds

LIMIT 1500 pounds




4 O foot Facility
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The five curves above are for -
reading from the bottom up on the
right hand side - 30, 35, 40, 45,
and 50 foot waterline length
boats to be towed.

NOTXY: The Shock Force curves
are for 3-Strand Twisted towline.
If Double Braided line is used
multiply the Shock Force by 1.6.

NOTE: The Shock Force curves
are for 200 foot towline. A

100 foot line may more than dou-
ble the Shock Force; for a 300
foot line use a factor of 0.6



TOW PLANNING WORKSHEET
45 FOOT (22 tons) AUXILIARY FACILITY

AUX Fadliity AcualDisp. __ tons

Max Cont Cruise RPM Speed _ knots  Slp %

Towiine Type TowiineLength _ feet
TOW Speed knots

Max RPM while towing

TOWED VESSEL

Type __ Waterinelength __ feet TOW Speed __ knots
Steady Force (1] ____ pounds
SEA STATE
Average Period __ seconds Standard Shock Force[2] __ pounds
SUMMARY
Standard Shock Force [2] ____ pounds
Double Braid 16x[2] =[3] " (usseonlyIf applicable)
Headlng ___ x[3]=[4] "
Adjusted Shock Force [4] pounds
Steady Force [1} pounds
Maximum Peek Force [1] + [4] pounds

LIMIT 1500 pounds
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The five curves above are for -
reading from the bottom up on the
right hand side - 30, 35, 40, 45,
and 50 foot waterline length
boats to be towed.

NOTE: The Shock Force curves
are for 3-Strand Twisted towline.
If Double Braided line is used
multiply the Shock Force by 1.6

NOTE: The Shock Force curves
are for 200 foot towline. A

100 foot line may more than dou-
ble the Shock Force; for a 300
foot line use a Shock Force
factor of 0.6.



TOW PLANNING WORKSHEET
30 FOOT (6.5 tons) AUXILIARY FACILITY

AUXFecillty __SeaScape =~ ActualDisp. _6 fons

Max Cont Cruise __ 3000 RPM Speed _I8 knots  Slp _35_ %

Towine Type _K " 2-atrand mplon Towline Length ___300  feet
TOW Speed knots

00| 18| 36| 54| 72| 9.0 | 108 | 126 | 144 | 162 | 180
1770 | 1890 | 1980 | 2100 | 2220 | 2340 | 2460 | 2580 | 2730 | 2850 | 3000
Max RPM while towing

TOWED VESSEL
Type Waterline Length ____ feet TOW Speed ______ knots
Steady Force [1}] ___ pounds

SEA STATE

Average Period _____ seconds Standard Shock Force [2] pounds
SUMMARY

Standard Shock Force [2] pounds

Double Braid 1.6 x [2] = [3] " (useonlyif applicable)

Beading  x[3]=[4] - "

Adjusted Shock Force [4]

Steady Force [1]
Maximum Peek Force [1] + 4]

id3
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The five curves above are for -
reading from the bottom up on the
right hand side - 30, 35, 40, 45,
and 50 foot waterline length
boats to be towed.

NOTE: The Shock Force curves
are for 3-Strand Twisted towline.
If Double Braided line is used
multiply the Shock Force by 1.6.

NOTE: The Shock Force curves
are for 200 foot towline. A

100 foot line may more than dou-
ble the Shock Force; for a 300
foot line use a factor of 0.6
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AUXTLIARY SPECIALTY COURSE
PRACTICAL DEMONSTRATION WORKLIST

SEARCH AND RESCUE

1. Use a LEEWAY WORKSHEET and either a Maneuvering Board or Vector Worksheet;
demonstrate how to determine the Leeway Vector for the following scenario:

Search Object 30 Lw CC w/o drogue

Incident Time 111630 T MAR 93

Datum Time 120245 T MAR 93

Synoptic Winds: 111200 Z 180° 3 knots
111800 Z 240° 12 "
120000 2 270° 15 "
120600 Z 240° 8 "
121200 Z 190° 5 "

2. Use the SeaScape Tow Planning Worksheet and determine the Maximum Peak Force
for the following scenario:

Distressed Vessel: 32" L. Cabin Cruiser
Sea State: 90 wave crests pass in 9m 45s

Use 300 feet of Double Braid towline, and No heading correction.

Student Name

Student Member Number

Instructor Signature
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APPENDIX B. THE SARSAT SYSTEM

History. About 15 years ago, the United States, France and
Canada, jointly sponsored a search and rescue system that employs
satellites. The Soviet Union (now the Russian Federation) Jjoined
the program in 1980. The concept was this: if a vessel (or
person, or aircraft) carried a beacon that could be activated in
a distress situation the beacon signal would be detected by a
satellite and the ground SAR resources notified. Simply detecting
a beacon signal is not, however, enough as the area "seen”" by a
low-orbit satellite is thousands of square miles. So the system
concept was that the satellite, or associated ground station,
would detect the Doppler shift in the beacon frequency caused by
the relative motion of the satellite with respect to the beacon,
and from that information deduce the position of the beacon with
considerable accuracy.

The global network of satellites and ground receiving stations
are known today as the COSPAS/SARSAT Search and Rescue system.
Initially the system used only 121.5MHz as the beacon signal;
that is the standard aircraft emergency frequency, and is the
frequency used by crash-locator beacons carried by aircraft. The
original concept of the SARSAT system was that it would primarily
depend on a unique frequency, and that the beacon would have more
extensive capability than is possible with the 121.5MHz beacons.
The improved system, using 406MHz as the beacon frequency, and a
much more sophisticated beacon coding system, was activated in
1985, The 406MHz system represents a major improvement over the
earlier system. Many companies have designed EPIRBs to the new
standard, and many countries have made the carriage of 406MHz
EPIRBs mandatory on commercial fishing and other vessels involved
in off-shore voyvages.

Table B-1 shows some of the important characteristics of the
beacons designed for maritime use that are on the market. The
SARSAT system now accommodates the 406MHz beacons and also
continues to detect the 121.5MHz beacons, although the accuracy
of the 121.5MHz part of the system is much less than the 406MHz
part. The Table also indicates that the 406MHz beacons may also
carry a low-power 121.5 transmitter; this is to enable the search
resource to use standard direction finding equipment and not as
an alternative alert to the SARSAT system. Class C beacons are
included in the Table as these are popular for near-coast passag-
es; they do not alert the SARSAT systemn.

The 121.5MHz System. The EPIRB aboard a vessel in distress is
activated~either automatically or manually-and transmits a signal
that is received by a polar-orbiting satellite. The satellite re-
transmits the signal immediately (on 1544.5MHz), and it is re-
ceived by one or more ground-based Local User Terminals (LUT)
that analyze the original signal. The LUT sends the information
to the national Mission Contreol Center (MCC}! which, in turn,
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sends the information to the appropriate Rescue Coordination

Center (RCC).

The problems with this system are:

1. 121.5MHz is the standard VHF-AM civilian aircraft emer-

gency frequency (243MHz is a standard military frequency) and
some normal communication can trigger an alert.

the alerts are false.

Some 95% of

2. The satellite rebroadcasts the detected signal immediate-

ly,

ie,
within range,
of the system and no action can be taken.

the satellite acts as a repeater.
the signal is not received by the ground part
As a result there

is almost no coverage in the southern hemisphere.

If there is no LUT

3. The stability requirement of the 121.5MHz units is rela-

tively poor with the result that the distress position has an

uncertaincy of up to 10 miles, ie, the search area is there-
fore over 300 square miles.
Type Frequency | FCC Type USCG Automatic | Required
Accepted Approved Activated | to Float
Cat I 406MHz Yes No¥* Yes Yes
121.5Mhz
Cat II 406MHz Yes No¥* No Yes
121.5Mhz
Class A 121.5MHz Yes Yes Yes Yes
243MHz
Class B 121.5MHz Yes No No No
243MHz
Class C VHF Chan Yes No No No
15 & 16
Class S 121.5MHz Yes No No Yes
243MHz

* Undergoes CG review before FCC Type Acceptance.

The 406MHz System.

Table B-1.

EPIRB Types

The same satellites carry additional equipment

to handle the new frequency and to process and store the signal

data on board. The advantages of the 406MHz system are:

1. The beacon signal frequency-actually 406.025MHz~is not

used internationally by any other service;

it is unique and

normal communication is less likely to cause false alerts.




2. Although the satellite rebroadcasts the processed signal
immediately, it also stores the Doppler information and the
exact time of receipt and rebroadcasts it when challenged by
a LUT. This makes the coverage worldwide and has the satel-
lite take over some of the Doppler processing from the LUT.

3. The stability requirement for the 406.025MHz carrier in
the EPIRB is greatly improved with the result that the loca-
tion can be determined with an accuracy of 1 to 3 miles. This
reduces the search area enormously. Besides an optional low-
power 121.5MHz transmitter for homing, the beacon may also
carry a high-intensity strobe to improve night detection.

4, The transmission sequence of the beacon includes digi-
tally-coded information about the country of origin,
make, model and serial number of the beacon itself, and
if the transmission is a test. As of September 13, 1994
the FCC (FCC 94-170) requires users to register EPIRBs,
thus the MCC can look up the registered owner and include
it in the distress alert message transmitted to the
responsible RCC. The RCC that receives the data from the
MCC can verify the alert by a telephone call.

5. The processing of the doppler data in the satellite is
much more sophisticated, particularly in the ability to
handle many simultaneous alerts and to identify interference.

How the System Works. The NOAA satellites operate at an altitude
of 528 miles and have an optical range of about 2000 miles.
Figure B-1 shows the detection range limits of the satellite. The
y-axis is the distance from the satellite to the horizon measured
along the satellite’s path; the x-axis is the offset (along the
ground) of the satellite’s path, ie, a zero offset means the
satellite passes directly over the Beacon.

Figure B-2 shows the Doppler frequency (for the 406MHz beacon)
seen by the satellite as a function of distance along the track,
for seven different values of offset: 0, 300, 600, 900, 1200,
1500, and 1800 nautical miles. The curves in Figure B-2 are basic
to understanding how the satellite determines the position of the
beacon. What the satellite has to do is determine the Clock Time
the exact instant the Doppler shift goes to Zero, and also
measure the Slope of the Doppler shift curve at that instant. The
Slope uniquely measures the offset distance the instant the
beacon is precisely at right angles to the satellite track. The
satellite achieves maximum accuracy if it receives at least three
bursts from the beacon, which triggers slightly faster than once
per minute, so the satellite must "see" the beacon for about four
minutes {(note the 2-~-Minute Window in Figure B-1). Figure B-3
shows the slope of the curves in Figure B-2 at zero crossing as a
function of slant range offset. It follows then that if zero
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crossing can be determined, the offset can be calculated and the
position of the Beacon determined. (The 180° ambiguity is re-
solved by a second pass.)

Figure B-3 shows how zero crossing is determined; the curves are
the first derivative of the Doppler frequency and show that the
instant the satellite path is exactly at right angles to the
Beacon can be determined with considerable precision, and only
requires that the Beacon mid-term frequency stability be extreme-
ly high. The offset distance determines the amount of time the
satellite has the Beacon in view (note that the greater the
distance-off the shorter the curves in Figures B-2 and B-3), and
that contributes to the system’s ability to qualify the "hit".
However, in terms of information for calculation, the satellite
sees the beacon for a very long time (if it sees it for the
minimum four minutes) and has a relatively enormous amount of
information from which it can extract the exact position of the
beacon.

SARSAT System Responsibility. COSPAS/SARSAT represents a model
program of international cooperation. When the program was
founded, Canada was selected to supply the space-based repeaters,
France the space-based processors for the 406MHz frequency, and
the United States the satellites. When the Soviet Union joined
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the program they agreed to equip their COSMOS satellites with
COSPAS repeaters and processors. There are 27 countries who are
participants; a total of 17 MCCs are in operation, in test, or
planned; and a total of 30 LUTs are in operation, test or
planned. The United States MCC is in Suitland, New Jersey; and
LUTs are located in Hawaii, Puerto-Rico, Houston, Fairbanks,
Vandenberg AFB, and Guam. There are three COSPAS and three NOAA
satellites in operation (the nominal system requires four satel-
lites). There are over sixty COSPAS/SARSAT Type-Approved 406MHz
EPIRB models manufactured by twenty manufacturers, and (in 1995)
over 20,000 registered owners.

Beacon Technical Data. There are three basic forms of beacons:
Emergency Locator Transmitters (ELTs), Emergency Position-Indi-
cating Radio Beacons (EPIRBs), and Personal Locator Beacons
(PLBs). This Appendix is devoted only to the EPIRB beacons, of
which there are two Types: Type 1 is automatically activated by
immersion or release from its mounting bracket, and Type 11 is
manually activated. There are two Classes for each Type; Class 1
has an operating temperature range of -40°C to +55°C, and Class 2
has an operating temperature range of -20°C to +55°C. All beacons
are required to "warm up", ie, get the crystal oven up to temper-
ature, within 15 minutes; they do not start broadcasting until
the crystal is stabilized. Beacons may have a "short" message
length (112 bits), or "long" message length (144 bits), in
addition to a carrier burst. The pulse interval of the beacon is
50+5sec.

The broadcast format is 160 ms (0.160 seconds)} carrier, used by
the system to determine the doppler shift, followed by either 112
or 144 data bits of information sent at 400 bits/sec. There are a
total of nine protocols for the message bits; these protocols are
used to identify the purpose of the beacon, eg, ELT, EPIRB, or
PLB, and subcategocries of these purposes. All of the protocols
share the same general arrangement of the message bits, as
follows:

Bit Field Name Bit field Location
1. Bit synchronization bits 1 through 15

2. Frame synchronization bits 16 through 24
3. Protected field bits 25 through 85
4, Error-correcting code bits 86 through 106
5. Emergency-Code/National Use bits 107 through 112
6. Long message {optional) bits 113 through 144

Of the nine protocols two are presently unassigned. Three of the
protocols are for maritime use: one includes Long/Lat entered by
the vessel, eg, by GPS, one uses generic "maritime data", and one
uses serial number and owner identification (the one most often
used by off-shore vessels).



The stability requirement is very strict. The specifications
require a transmitter frequency of 406.025MHz + 2kHz that may not
drift more than + 5kHz, including the initial offset, in 5 years.
The absolute accuracy is less important than the stability, and
the latest satellite systems are designed to allow a much larger
range of beacon frequencies. This allows the system to handle
many more simultaneous beacon signals. The medium-term stability
requirement is 1 part in 109 per minute; it is this medium-term
frequency stability that determines the accuracy with which the
gsatellite can determine the exact CLOCK TIME the first derivative
of the doppler shift is zero.

Satellite Technical Data. The System is designed to use at least
four satellites; usually there were six in orbit with two nearing
their useful life.

The SARSAT antennas and receiver piggyback on NOAA weather satel-
lites, now into series L,M and K. These satellites operate at an
altitude of 528 miles, in orbits inclined 99° to the equator, and
take 100 minutes to complete an orbit.

The COSPAS antennas and receiver piggyback on Russian COSMOS
navigation satellites which orbit 620 miles above the earth in
orbits inclined 83° to the equator and take 105 minutes per
orbit.

NOAA has installed a 406MHz receiver on its GOES geostationary
satellites. Although a geostationary satellite cannot "see" any
doppler shift, it records the serial number thus allowing the MCC
to look up the name of the registered owner. In the U.S. more
than 30% of the 406MHz distress alerts are first detected by a
GEO satellite. If the EPIRB is connected to a GPS receiver, its
transmission of position information is received by the GOES

satellite and relayed to the appropriate RCC.

Shortcomings. The 406MHz beacons are substantially more expensive
than the 121.5MHz units, although the price has been declining
rapidly as the system becomes accepted. The internal lithium
batteries have a shelf life of 4 to 6 years, but are not re-
chargeable, and, containing a toxic substance, must be disposed
of carefully. These shortcomings are overpowered by the reliabil-
ity of the system, the ability to distinguish test transmissions,
and the fact that alerts can be verified as false (if they are)
without dispatching SAR units. So the system is cost effective in
spite of the expense of the beacon units themselves.
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APPENDIX C. MATHEMATICS TUTORIAL

Algebra. We are all used to doing algebra problems in our
heads, whether we know it or not. For instance, if we are in
a car and average 50 mph how far will we go in an hour and a
half? We instinctively know to multiply the 50 by the 1% to
get 75. Some people find it somewhat more difficult to do a
related problem such as: we travel 200 miles in 4 hours; what
has been our average speed? Most people will recognize that
the answer is gotten by dividing 200 by 4.

Algebra is simply a way to formalize, and generalize these
kinds of relations so that any set of numbers can be used.
For instance the generalized expression of the examples above
is

Distance Travelled = Speed x Time

or, to put it into algebraic form
D=8SxT

which shows the generalized relation between Distance, Speed
and Time.

There are three properties of an algebraic equation that are
important, and help us "solve" equations:

1. When sides are interchanged the equality remains. This
means that

D=8SxT

can be rearranged without effecting the equality as

SxT=D

This is important because it is the custom (and the way
we think) to have the "unknown" on the left-hand side of

the equal sign.

2. For multiplication and addition, the ORDER of processing
variables does not change the value, for instance

D=8xT

is exactly the same as
D=Tx58



3. The equality of an equation is unaffected if both sides
of an equation are multiplied by, divided by, added to,
or subtracted from the same value. For instance

Dx10=8xTx10

The "same value" need not be a number, it can be any
constant. For example

We use these characteristics to help "solve" equations. For
instance if we know Distance and Time and want to solve for
Speed we first swap sides so that the "unknown" (8) is on the
left hand side

SxT=D

But we want only the unknown on the left hand side. We can
get rid of the "T" on the left hand side by dividing both
sides of the equation by "T".

SxT
T

S

The "T's" on the left hand side cancel and we're left with
the equation in the form we want it

D

T

Where did 60D=ST come from? The usual form of the S/T/D
equation used in SAR is D=SxT where D is in Nautical Miles, S
is in knots, and T is in Hours. We can check this equation to
gsee if it really is an equality by substituting the "units”
used for each of the variables, viz.,

NauticalMiles = Knots x Hours

which becomes

NauticalMiles

x Hours
Hours

NauticalMiles =

The Hours on the right-hand side cancel and we're left with
the identity NM=NM.

If we want to express Time in Minutes, instead of Hours, we
know that we have to multiply Hours by 60, the number of
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minutes in an hour. But if we multiply the Hours on the
right-hand side of the equation we must also multiply the
left-hand side of the equation. Thus

60 x NauticalMiles = Knots x Hours x60

But 60 x Hours is simply Minutes, hence our popular

60xD=5xT

where T is8 now in Minutes.

Vector Arithmetic. The problems at the end of this Appendix
illustrate the different situations that face a SAR Mission
Cordinator during his search planning work. A "sharp” student
should be able to do all these problems in about one-halif
hour; if it takes longer than that the student should ask his
Instructor to give him more practice problems. The only tools
needed are 1) a pad of Maneuvering Board sheets (available at
any marine supply store), 2) a plotting instrument such as a
Weems Parallel Plotter, 3) a set of dividers, and 4) a hand-
held four-function calculator. Copies of the Vector Worksheet
can be substituted for Maneuvering Boards.

Vector Notation. A vector can be specified on a polar diagram
by a line whose length—to some specified scale—represents the
value, and whose direction represents the direction. When a
vector is specified in this text the value is written (with
the units included) and the direction is a number of degrees
preceded by an angle symbol, viz."/". The angle symbol looks
a little like the "<" symbol, but "<" is the "less than"
symbol-not the angle symbol.

1. Speed/Time/Distance. The relationship between Speed, Time
and Distance is expressed in the usual formula

60D = ST

where D is Distance in nautical miles, S is the Speed in
knots, and T is the Time in minutes. Note that both Dis-
tance and Speed have directions as well as values and,
hence, are Vectors. A more correct representation of this
formula is

60D =5T

where the small arrows over the D and S show that they
are Vectors. In this simple illustration any Speed, Time
and Distance problem can be solved without recourse to a
graphical method, because the direction of the two Vector




quantities is the same, ie, the direction of the Distance
vector is the same as the direction of the Speed vector.

The "60 D Street" formula is useful in many navigation
problems because the problem being solved is appropriate
to TIME measured in Minutes. But in Search Planning the
more useful measure of time is Hours and decimal frac-
tions. The formula most often used in Search Planning is
therefore

D=8T
where T is in Hours.

Speed Made Good (SMG). A vector problem that requires a
graphical solution is one that involves two vectors that
have different directions. For example, assume a vessel
is travelling at 12kt through the water (called Speed, or
Speed-Through the Water, STW) on a course of 180°, and is
experiencing a CURrent of 2.5kt in the direction of 090° .
What is the speed over the ground (SMG) and direction?
The mathematical representation of the problem is

— - -

Ssmg = Sgew + Scur

and the graphical solution is shown in Figure C-1. The
problem is plotted on a Maneuvering Board with a scale of
2:1. Note: a scale is selected that will make the lines
fi1ll as much of the sheet as possible; this gives the
greatest accuracy to the answer. First the 12kt vector is
drawn from the origin in the direction of 180° with a
length of 12 units. This represents the course and STW of
the vessel with respect to the water. Next the 2.5kt
vector is drawn from the tip of the 12kt vector in the
direction of 090° and with a length of 2.5 units. The sum
vector is then in amount the distance from the origin to
the end of the 2.5kt vector, in the direction that can be
read from the scale at the edge of the diagram. The
length scales to 12.2kt in the direction of 168°. (Round
to the nearest 0.1kt and degree)

Current. Subtracting two vectors can also be done graph-
ically, although this is seldom encountered in search-
area planning. Finding the current when STW and SMG are
known is an example. Assume the STW is 14kt at 045° and
the SMG is determined to be 11kt at 060°. What is the
current that has caused this difference between the STW
and the SMG? Figure C-1 shows the solution. The mathe-
matical representation is



When subtracting two vectors they are drawn "tail-to-
tail"” and the difference vector is drawn from the head of
one vector to the head of the other. In this case the
difference vector has a magnitude of 4.5kt in the direc-
tion of 185°. Why 185° instead of 005°? It is easy to
examine the plot of the STW and SMG vectors to see in
which direction the Current vector has to be sensed; in
which direction must the current be added to the STW to
result in the observed SMG?

Wind. Calculation of Datum usually involves determining
the combined effect of several wind values. If some time
has elapsed between the distress incident and the Datum
time the wind may have changed during that interval. This
sort of situation requires that the net average wind be
determined before the wind can be used to calculate total
Drift. There is an additional complication; although both
Wind and Current are expressed in knots they cannot be
added together. The search object experiences the Current
directly, ie, a search object in a 1.5kt current will
experience a 1.5kt SMG. But if the search object expe-
riences a 12kt wind it will only experience a speed that
results from the wind hitting the superstructure. Table
3-1 and Figure 3-10, for example, show the speed that
results from wind for several classes of search objects,
Therefore, for Wind problems the Average Wind is deter-
mined first. For example, assume the search object expe-
riences a wind of 10kt from 125° for 1.5 hours and a wind
of 13kt from 145° for 2.5 hours. What has been the aver-
age wind speed and direction? The two wind vectors cannot
be added directly because they have occurred over differ-
ent amounts of time. To solve the problem each wind
amount is multiplied by the time it lasted (thus creating
displacement vectors) and then the two displacement vec-
tors are added graphically. The magnitude of the result-
ing displacement vector is then divided by the total
amount of time to give the average wind vector. For this
example, worked out in Figure C-2, the Average Wind is
11.6kt from 139°.

Summary. There are several caveats to remember when doing
vector arithmetic graphically:

a. The same scale must be used for all of the vectors in
any problem.

b. The units of the amount portion of all the vectors
must be the same.

c. The scale should be selected to use as much of the
maneuvering board as possible.
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d. When a different amount of time is related to each
vector, convert velocity vectors to displacement vectors,
and divide the final displacement vector amount by the
total elapsed time. When a vector is multiplied, or
divided, by a scalar quantity, eg, TIME, only the guan-
tity part of the vector is multiplied or divided; the
direction value does not change.



PRACTICE PROBLEMS

What is the SMG (Speed Made Good) that results from a STW
{Speed Through the Water) of 18kt and a CUR (Current) of
2.1kt £200°7?

What is the SMG that results from a STW of 9kt /275° and a
CUR of 2.5kt /160°7?

What is the SMG that results from a CUR of 2kt £180° and a
STW of 8.2kt /£300°7?

What is the CUR that causes a SMG of 8kt /270° when the STW
is 9kt /240°7?

What is the CUR that causes a SMG of 8.5kt /043° when the STW
is 8kt /050°7

What must be the planned STW if the CUR is 1.1kt /150°, and
the desired SMG is 8kt /350°7

What must be the planned STW if CUR is 1.1kt /150° and the
desired SMG is 8kt /Z190°/

The wind blows 20 kt from 270° for 2.5 hrs, and 15 kt from
200° for 3.5 hrs. What has been the Average Wind?

The wind blows 18 kt from 252° for 3.6 hrs and 22 kt from
275° for 4.6 hrs. What has been the Average Wind?
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Figure C-1
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CUR
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STW

STW

20 x 2.
15 x 3.
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ANSWERS TO PRACTICE QUESTIONS
17.2kt £091°.
8.3kt /259°.
7.4kt £286°.
4.5kt /358°.
1.2kt £345°.
9.0kt /£347°.
7.2kt £196°.

50.0 £270°
52.5 [200°

[S1 ;]

vector sum
+ 6 hrs

84.0 /234°
14.0kt £234°

Average Wind 14.0kt /234°

18 x 3.6 = 64.8 /252°
22 x 4.6 = 101.2 /275°
vector sum 163 /£266°

+ 8.2 hrs

0o

19.9kt /266°



APPENDIX D AIRCRAFT\BOAT COORDINATION

Introduction. This Appendix expands on the conditions which
make the CSC pattern practical; the advance of the boat
equals the creep of the aircraft. This is illustrated in
Figure D-1 on the next page; this maneuver takes considerable
coordination between the boat and the aircraft. This Appendix
describes the conditions under which the coordination is made
as simple as possible.

If the pattern is a Creeping Line Single-unit Coordinated,
communications and visual contact are established before
arriving at the CSP. The coordination between vessel and
aircraft is more difficult than it appears at first glance.
The Coxswain on the vessel is usually the OSC since he has
time to handle communications and precise navigation; the
Pilot of the aircraft concentrates on flying an exact course
(compensating for wind), executing turns accurately, and
searching for the target.

Coordinated search patterns are no longer used very often by
the Coast Guard since Coast Guard aircraft can navigate as
accurately as Coast Guard vessels. However, many CG Auxiliary
aircraft do not have LORAN and, for them, coordinated search
patterns are very efficient.

Figure D-1 illustrates what is probably the ideal situation;
the aircraft travels at such a speed that a 180° turn made at
"standard rate", ie, one needle width, or 3° per second,
translates along the vessel track exactly the assigned air-
craft track spacing. The variables are vessel speed, Vj,
aircraft speed, Va, and aircraft leg length, L. Table D-1
gives the Track Spacing for various aircraft speeds; Table
D-2 gives the Leg length in nautical miles for various combi-
nations of vessel and aircraft speeds; and Table D-3 gives
the time, in minutes and seconds, for the aircraft to go from
immediately over the vessel until it starts its procedure
turn. The Pilot (or Observer) can time by a stop watch, or
the vessel can do the timing and inform the Pilot when it is
time to turn. Note that only half of each leg is timed.
Shaded blocks correspond to impractical options. Auxiliary
aircraft usually fly at 1000ft altitude, and at that altitude
the winds should be modest. However, the Pilot will probably
have to compensate for wind, especially at the slower speeds.
He can do that by adjusting speed slightly, or making turns
glightly earlier or later. It is probably not worth while to
plan the adjustments in advance but make them as the search
progresses. By timing only one half each leg, starting with
the instant the aircraft crosses the vessel path, the pattern
tends to correct for winds aloft.
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Figure D-1 CSC Pattern

a/c kts 80 100 120 140 160 180

S NM 0.8 1.1 1.3 1.5 1.7 1.9

Table D-1. Track Spacing for Figure D-1 Pattern

Aircraft Speed, knots

vessel 80 100 12
TP R R

8.0 7.2 11.6 | 17.1 | 23,

10 7.5 8.9 =22
SRS 7.2 10.7

10.7 14.3 | 18.5

sz

8

5.0 7.5

' 6.5 9.2 12.4 | 16.1
5.6 8.1 10.9 14.2

3.6

Table D-2. I, (NM) for Figure D-1 Pattern



Aircraft Speed, knots

vessel

8.0

10
12
14
16
18
20

Table D-3. Time (minutes:seconds) for L/2 for Figure D-1
The equation relating the values of L, S, Va, and Vg is:

v n
I.=8 2 _ =
L5 -3

8

If the aircraft turn is made at the standard rate, it takes
exactly 60 seconds to make the 180° turn. Under these condi-
tions the equations for S, L, and T (the Time to fly one-half
L) are:

V,(V,~1.571V,)
94.3V,

(V,~1.571V,)

minutes
3.14V,

T=
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APPENDIX E VESSEL BEHAVIOR ANALYSIS

Introduction. This Appendix contains background material that
may help the student understand the Tables and Figures in
Chapter 5; some Students (and Instructors), especially those
with a technical background, do not want to accept the Fig-
ures and Tables without an explanation of how they are de-
rived. There is very little literature on towing forces and
therefore much of the information is derived from "first
principles”". However, the sections on Boat Charateristics and
Wind Wave Characteristics are based on established authori-
ties, and these are cited. There are several classic books on
boat design', and these should be consulted for a formal
treatment of the subject. The more a Coxswain knows about
boat design the better he is at estimating the forces in-
volved in a tow.

Boat Characteristics. The Steady Force is dependent only on
the characteristics of the boat being towed, but all the
Coxswain can determine with any certainty is the Waterline
Length, and Type (Sail or Power). So all of the tow forces
have to be deduced from these observable characteristics.

There are three characteristics of a boat that determine how
it behaves when it is being towed: Length/Displacement Ratio,
Speed/Length Ratio, and Prismatic Coefficient.

1. Length/Displacement Ratio (8) is defined as

- D
(.01L)?
where D is the displacement (in 2240-1b tonnes), and L is

the water-line length in feet. 3 is a measure of the
density of the boat; planing hulls have a 8 as small as
150, and deep-keel cruising yachts have a 8 as large as
350, Figure E-1 shows the Displacement (in 2000-1b tons)
as a function of water-line length (in feet) for three
classes of vessels, one with a 8 of 150, and one with a §
of 215 and one with a 8 of 350. Only deep-keel ocean
cruising vachts have a 8 of 350 and these are not the
kinds of boats the Auxiliary is likely to assist. On the
other hand the small power boats that represent most of
our "customers" have planing hulls, and the small day-
sailers are light displacement hulls, so assuming a 8 of
215 is almost always on the safe side.

xAn excellent reference is Skene's Blements of Yacht Design, Francis §. Kinney. Dodd, Mead & Company.
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Figure E-1 Displacement vs Lw

2. Speed/Length Ratio is defined as
&

vL

where § is the speed in knots, and L is the water-line
length in feet. When the Speed/Length ratio is 1.34 the
boat is said to be going at "hull speed", the speed at
which the transverse bow wave exactly matches in phase
the transverse stern wave and the boat "sits" in its own
displacement wave. If the boat has enough power, either
sail or engine, and 8<200, it can climb up over the wave
and achieve a Speed/Length ratio of 2 or 3. (A boat is
not considered to be planing until the Speed/Length ratio
is 2). However, for boats with 82200, no reasonable
amount of power can bring the boat out of the hole; that
means no amount of power can tow a boat with a 82200
faster than represented by a Speed/Length ratio greater
than 1.34. Below a Speed/Length ratio of 0.95 there are
two or more transverse bow waves along the hull ahead of
the transverse stern wave and the boat can ride her lines
without sinking into her own displacement wave. For these
reasons all of the discussions on towing forces assume
the tow is proceeding at a speed where the Speed/Length
ratio of the towed boat is 1.0, ie, the speed in knots

E-2



equals the square root of the waterline length in feet.
If an attempt is made to tow a boat faster, it is impos-
sible to forecast how great the force becomes, as the
force increases dramatically above a Speed/Length ratio
of 1.1. Speed of the tow, in terms of Speed/Length Ratio
of the Towed boat, does not enter into the calculations
of tow forces explicitly, but all of the tow forces are
calculated using coefficients that are applicable only
for a Speed Length Ratio of 1.0.

3. Prismatic Coefficient, Cp, {(also called Block Coeffi-
cient) is defined as the ratio of the volume of displace-
ment (of the boat) to a solid having a section the shape
of the widest part of the boat at the waterline, multi-
plied by the waterline length. D is the Displacement in
ft?, Aa is the area of the largest section in ft2, and Lw
is the waterline length in feet.

- D
P A,xL,

A log, floating in the water, has a Prismatic Coefficient
of 1.0; keel sailboats, with fat midsections, have Pris-
matic Coefficients between 0.51 and 0.54; planing power
boats have Prismatic Coefficients as high as 0.70. Al-
though a large Prismatic Coefficient is necesary for a
boat to plane (provided 8<200), it causes the boat to
have very high wave-making resistance at low speeds. 1In
Figure E-3 Resistance (in pounds) is plotted as a func-
tion of waterline length (in feet) for two classes of
vesgels, sail and power, each assumed to have 8=215. The
difference in Total Resistance comes from the different
Prismatic Coefficient of the Sailboat (Cp of 0.55) and
Power Boat (Cp of 0.70).

The Steady Force to tow, (Rr) is the combination of Friction-
al Resistance (Ry) and Wavemaking Resistance (Rw).
Rp=Rp+ R,

The curve labeled Power assumes a Cp of 0.7 with a corre-
sponding Rw of 13 lbs/ton; the curve labeled Sail assumes a
Cp of 0.5 with a corresponding Rw of 4 lbs/ton. Both curves
assume Rf is 10 lbs/ton at a Speed/Length Ratio of 1.0.

Shock Forces are generated

when the towing and towed ,#f///ﬁ\\\-_~_ﬁw_,~f»f”//\\‘

boats are on different phas-
es of a wind wave, viz., are
"out of step”". Waves gener-

ated by a local wind have a Figure E-2 Wind Wave Shape
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Figure E-3 Steady Force to Tow

trochoidal shape as illustrated in Figure E-2. The spectrum
(the range of wave-lengths and periods) of Swells is very
narrow, but the spectrum of Wind Waves is very broad, the
wavelength, for instance, keeps jumping around. Coasequently
Wind Waves must be analyzed by statistical methods .

If a steady wind blows over enough fetch for a long enough
time the seas don’t continue to build but become "fully
developed". Fully-developed seas can be analyzed statisti-
cally and their various characteristics determined. Figure E-
4 gives the important statistical characteristics of a fully-
developed sea as a function of Average Period; many of these
are used in calculating the Shock Force caused by Wind Waves.
Curve #1 is the wind speed (in knots) that would fully devel-
op the sea; the actual observed wind is likely larger. Curve
#2 is the Average Period in seconds for the highest 10% of
all the waves. Curve #3 is the minimum height in feet of the
10% highest waves. Curve #4 is the average wavelength in

xxHuch of the material in this section is condensed from Oceanography and Seamanship, William G. Van Dorn,
Dodd, Mead & Company.
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Figure E-4 Wind Wave Characteristics vs Average Period
feet/10 for all waves. Curve #5 is the particle velocity 1in
knots at the top {(or bottom) of the 10% highest waves. The
formulas for the five curves in units of P (Average Period)
are as follows:

Wind Speed = __;9_ knots

Average Period Highest Waves = 1.31 P seconds

MinimumHeight of Highest 10% of all Waves = .29 P2 feet

Average Wavelength =3.33 P? feet

Peak Particle Velocity = .412 Pknots

A very useful characteristic of a wind-driven wave system is
that the statistics before the sea becomes fully developed
are much the same as a fully-developed sea at a lower wind
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speed. In other words, if we experience a 40kt wind, but
measure the Average Period as 6 seconds, we can assume that
the statistics of the waves are the same as they would be for
a fully developed sea from a 21kt wind. (In Figure E-4 the 6
second line intersects curve #1 at 21kt). Thus we can deter-
mine all of the average characteristics by measuring the
Average Period; we cannot use observed Wind Speed because the
gea is not yet fully developed. Incidentally, if the measured
wind speed is larger than the wind speed corresponding to the
measured Average Period, the Coxswain can be sure that the
seas are going to continue to build and that he should com-
plete his mission as quickly as possible.

Average Period is measured by counting the number of seconds
it takes for about 50 waves to pass, and dividing the number
of seconds by the number of waves. Ideally the boat should be
in one place while this measurement takes place; the average
period measured will be too short if the boat is travelling
against the waves, and too long if the boat is travelling
with the waves. But a skilled Coxswain can adjust approxi-
mately for that.

The wave height (curve #3) and period (curve #2) determine
the velocity of the water at the top and bottom of the wave,
(see §G below) and it is the vector sum of the velocities
experienced by the towing and towed boats that cause the
shock force. There are two important adjustments that have to
be made to the velocity read from #5; these adjustments are
incorporated into the Standard Shock Force graphs on each Tow
Planning Worksheet.

1. Since each boat has length, it experiences several parti-
cle velocities at once and it is the net velocity the
boat experiences that is important. This factor is so
signifigant that there has to be a Tow Planning Worksheet
for each length Facility. And for each length facility
there are curves for five different length towed boat.

2. The longer the towline-measured in wavelengths—~the less
likely the facility and distressed vessel are on opposite
phases of the wave system. (This sensitivity to towline
length is entirely different from the fact that a longer
towline reduces the Shock Force because it can stretch
more) .

Finally, the net velocity difference is applied to the highly
non-linear stress/strain curve for the 3-strand twisted tow-
line being assumed. The result is the Peak Shock Force vs
Average Period curves on the back of the Worksheet.



Adjustments. If the sum of the Steady Force and the Shock
Force is near (or greater than) 1500 pounds the Coxswain must
make adjustments to reduce the Peak Force. He has several op-
tions:

1.

Tack. The curve on the back of the Tow Planning Worksheet
shows the factor (always less than 1 hence always reduc-
ing) if the direction of the tow is not directly parallel
with the wind. Very often the course to the nearest safe
harbor is not parallel to the wind and using this factor
does not extend the tow time. Even if the tow is in the
direction parallel to the wind the tow can tack 45° and
reduce the Shock Force appreciably. Tacking only reduces
Shock Force; it does not change the Steady Force.

Examine the assumptions carefully, particularly the Dis-
placements. All of the Forces are calculated assuming the
8 for each boat is 215. The Forces are essentially pro-
portional to Displacement; so if the towed boat is obvi-
ously lighter, both the Steady and the Shock Forces are
less; if only the towing boat is lighter only the Shock
Force is less. Keep in mind, however, if either is a
heavy displacement boat the Forces on the Worksheets are
understated.

Use a longer towline. Towline length influences only
Shock Force but the dependence is non-linear; a 100 foot
towline experiences more than twice the Shock Force of a
200 foot line. The towline length dependence is sensitive
to the Displacements of the two boats and a generalized
table for the effect cannot be generated. Tying two lines
together can reduce the Shock Force some, but less that
one would expect. The greater length-greater than 200
feet-reduces the probability that the towing and towed
boats are simultaneously on a 10% highest wave; but the
knot tying the two lines together has half the strength
of the weakest line.

Slow Down. The Steady Force is essentially proportional
to the tow speed; so if the Steady Force is appreciable
it can be reduced by slowing down. If the Peak Shock
Force is larger than the Steady Force the towline will
occasionally go slack, and then snap taunt. This is
nothing to be surprised about.



»}

Gravity Waves. Free non-breaking waves in the ocean are
described by the expression

= | g2 2nh
|4 \j o tanh T

where V is the velocity of the wave in ft/sec, £ is the
acceleration of gravity, A is the wavelength in feet, and h
is the water depth in feet.

In deep water, where h is large,

2nh
A

>1

The hyperbolic tangent of a large number is 1, so the wave

equation becomes
V= _Q..‘A.
2n

Using appropriate values for the constants this becomes the
familiar "hull speed" equation with which most boaters are
familiar.

V=1.34/%

In "shallow" water h is much less than 1; the hyperbolic
tangent of a small number is the number, and the wave equa-
tion becomes

Ve/gh

It is interesting to note that it was with this equation that
oceanographers first "measured" the average depth of the
Pacific Ocean by noting how fast tsunamis travel (360kn).

Wave Motion. A surface particle in a deep-ocean wave follows
a circular path; its horizontal displacement is given by

W cos 2% {x-~-Vt)

£=32 iy

and the vertical displacement is given by
W 27

n=-sin 5= (x-Vvt)



The particle horizontal velocity is given by

de _ W 2RV oo 2% (.
£~ 2 ASlnA(XVt)

Since the sin varies between +1 and -1 the maximum particle
velocity in either direction is

WY ft/sec

In the expression on Page 5-12, Wp is the same as W in the
equations above. V/1 is equal to 1/Wi so the one way parti-
cle velocity is

C= LA X T X 3600 knots

W, 6069

u”\/“Q?“\\/~\v/\_/\a\,‘“/bd—\’Avﬁ_,\J\__\--ﬁvA

Figure E-5 Gravity Wave Characteristics
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Maximum Towing RPM. The Allowable Fraction of Max Cruise RPM
while Towing, as given in Table 5-1, is based on some theory
and some logic. First the logic.

When a vessel is under tow, the propeller slip of the towing
boat must be greater than it is without the tow. The tow
represents an increase in displacement and therefore the
Speed Through the Water (STW) is less for the same RPM. Since
the STW is lower, it follows that the thrust loading on the
propeller is greater, and the horsepower is greater. The
question is-how much? We know that the horsepower is the
product of Torque times RPM. If we limit the Torque we have
to reduce the RPM so that the horsepower required does not
exceed the continuous-duty Torque limit.

As the ratio of Vi¢/V. goes from .0 to 1.0, the tow has less
and less effect on the horsepower required, and there is no
reason why the effect should not be proportional, ie, the
change in the Fraction of Max Cruise RPM while towing should
be proportional to the ratio of V¢/Vc. The Tow RPM to Cruise
RPM fraction is 1.0 for a Vi /Ve of 1.0; that is a logical
limit. So generating the table simply requires figuring out
the fraction of Max Cruise RPM that can be used for a Vi /V¢
of zero, viz, when the towed boat is anchored.

It also follows logically that for any Vi /Ve, the Fraction of
Cruise RPM as a function of Slip must increase until at a
Slip of 1.0 the ratio is 1.0. Thus, if we can determine the
value of the Cruise/Towing fraction at a Vi/Ve of 0, for any
Slip, we can interpolate for other values of Slip and Vi /Vc.

Second the theory. The technical analysis of the relation
between SOA, Slip, and Horsepower comes from work done on
marine propeller theory. A good reference is an article by
Robert Kress and E.L. Lorenz that appeared in the 1970 Soci-
ety of Automotive Engineers (SAE) Transactions. Table 1 of
the article is a table of values for a constant "C" for a
range of SOA, including very small SOAs. (In 1970 what we now
call STW was called SOA, Speed of Advance.) The constant "C"
divided into the propeller blade area gives the shaft horse-
power required (assuming a nominal propeller efficiency and
no cavitation). These relationships determine the RPM reduc-
tion that would, when multiplied by the constant Torque,
result in the required horsepower when the STW is zero. For a
Slip of 0.25 the reduction is 50%, hence Table 5-1.

The rest is simply extrapolation.



APPENDIX F DATE/TIME/GROUP NOTATION

The Date/Time Group, a series of twelve numbers and letters,
is used primarily for reference purposes. The first two num-
bers indicate the day of the month, the second two indicate
the hour of the day, the third two indicate the minutes of the
hour. The seventh position is an alphabetical character that
indicates "zone" time. The next three positions are alphabeti-
cal characters that abbreviate the month, and the last two
positions are numbers that indicate the last two digits of the
year. All twelve positions are filled; if the date is not two
digits the first digit position is "0".

Table F-1 shows the Zone designator (for the United States)
and the number of hours each zone differs from Zulu. For
reference purposes, Universal Coordinated Time (UTC)-Z(ulu)
Zone—is always used since it removes any ambiguity about time.
Local time is used in the body of Coast Guard messages, but
"7Z" time is always used when a Time reference is required.

Longitude Range Time Difference Zone Suffix
52.5W to 67.5W (EDST) +4 hrs Q
67.5W to 82.5W (EST) +5 R
82.5W to 97.5W {(CST) +6 S
97.5W to 112.5W (MST) +7 T
112.5W to 127.5W (PST) +8 U
127.5W to 142.5W (Alaska) +9 v
142.5W to 157.5W +10 W
157.5W to 172.5W (Hawaii) +11 X

Table F-1 Zone Time

The Time Difference column shows the number of hours added to
Local (Standard) Time to convert to Zulu. In the continental
United States the Standard Time is not precisely in the Longi-
tude Range indicated and Local Time is what the community uses
rather than the exact Longitude. At sea, the Longitudes are
used exactly.

During the summer when Daylight Saving Time is used, the Zone
Suffix changes to the Zone immediately to the East of the
local Zone. For instance, on the Pacific Coast, which uses
Pacific Standard Time during the winter (Zone Suffix "U"),
uses Zone Suffix "T" during the months when local time is
Pacific Daylight Saving Time.



When converting from local to Zulu time it is sometimes neces-
sary to change the day as well as the hours. For example, if
the local time is
212015S8AUGS2

which translates
into 8:15 PM, Central Standard Time, August 21, 1992, convert
to Zulu by adding 6 hours to the time. But 2015 + 6hrs = 2615;
this is 2b 15min pagt midnight—obviously the next day. So the

conversion to Zulu becomes
220215ZAUG92

In converting from Zulu to local the process is simply re-
versed. Statistical data-like Tide Tables-are always in Local
Standard Time, not Local Daylight Saving Time. Whenever Time
is written down for any purpose it is a good idea to include
the Zone Suffix.




APPENDIX G Reference List

COMDTINST M16120.5A

COMDTINST M16130.2B

COMDTINST M16798.8

COMDTINST M16798.22

COMDTINST M16798.28

National Search and Rescue Manual. This
manual is published in two volumes: Vol
I is the National Search and Rescue
System, and Vol II is the Planning Hand-
book.

(Also called CGADDNSM). U.S Coast Guard
Addendum to the National SAR Manual.
This manual functions as the primary
U.S. Coast Guard-specific search plan-
ning and rescue operations guidance and
pelicy manual, and serves as the stan-
dard reference for the Coast Guard to
use in conducting the SAR mission.

Boat Crew Manual. This is the original
reference manual for the Boat Crew Pro-
gram. It gspecifies the operations stan-
dards that are to be followed by the
Auxiliary.

Auxiliary Boat Crew Qualification Guide/
OPERATOR/COXSWAIN. This manual specifies
the standards required to become certi-
fied as an operator/coxswain on an oper-
ational Coast Guard Auxiliary facility.

Auxiliary Boat Crew Training and Quali-
fication Guide/ CREWMAN AND COXSWAIN.
This manual supersedes the manual de-
scribed in item 4, which will be cancel-
led two years after the issue of this
manual .

Oceanography and Seamanship, William G. Van Dorn. Dodd Mead &
Company. This book is about boats and the sea from the van-
tage of a research oceanographer. It is particularly good at
explaining heavy weather and is probably the premier refer-
ence for modern wave theory.

Skene’s Elements of Yacht Design, Francis S. Kinney. Dodd
Mead & Company. This book is a rewrite of a text first pub-
lished in 1904. It is mostly concerned with sailboat design
but has useful information related to power boats. The book
is rigorous and detailed, although slightly dated.
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